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MOLECULAR BIOLOGY 
Shared Docking Motif in TRF1 and TRF2 Used for Differential 
Recruitment of Telomeric Proteins 

¥. Chem et al 

Two similar members of the protein complex that protects the free ends of 
chromosomes have distinct binding sites for other complex members and 
accessory proteins. 


10.1126/science.1151804 


CELL BIOLOGY 

Differential Regulation of Dynein and Kinesin Motor Proteins by Tau 

R. Dik, J. L. Ross, ¥.E. Goldman, E. LF Holebaur 

The motor proteins dynein and kinesin both encounter the protein tau as they move 

‘along the microtubules; the former reverses direction, whereas the latter detaches. 
10.1126/science.1152993 


BREVIA 


PLANT SCIENCE 
Arabidopsis CLv3 Peptide Directly Binds 294 
CLV Ectodomain 

‘M. Ogawa, H. Shinohara, ¥. Sokagomi, ¥. Matsubayashi 
Peptides that maintain the stem cells inthe shoot apical meristem 
‘of Arabidopsis act by binding to the extracellular portion of a 
receptor-like kinase, 
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MEDICINE 
Clonal Integration of a Polyomavirus in Human Merkel Cell Carcinoma 
H. Feng, M. Shuda, ¥. Chang, PS. Moore 

‘rare, but highly aggressive, form of human skin cancer may be caused by a 
previously uncharacterized human polyomavirus 


10.1126/science.1152586 


GEOPHYSICS 

Rogue Mantle Hetium and Neon 

F Albaréde 

‘Anomalously high ratios of ?He to “He in the recycled basalts under ocean islands 

‘may rest from helium difusing in from more pristine, primitive mantle, 
10.1126/science,1150060 


RESEARCH ARTICLES 


PHYSICS 
Time-Resolved Observation and Control of 
Superexchange Interactions with Ultracold Atoms 

in Optical Lattices 

5. Troteky etal. 

Uttracolé atoms trapped at sites of optical latices are used 10 
investigate the supereachange interaction between neighboring 
spins. 

GEOMORPHOLOGY 

Natural Streams and the Legacy of 

Water-Powered Mills 

RC. Walter and O. J. Merits 

Floodplans and steams inthe eastern United States were altered 
‘extensively by miléams in the 1700s and 1800s, challenging recent 
Iytrologc interpretations and restoration approaches, 
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NEUROSCIENCE 
Una Selector Activity Specifies Cortical ldentity 

‘and Suppresses Hippocampal Organizer Fate 

V.S. Mangale etal. 

The brain's cortex begins as a one-cell-thick het of stem cells, 
whose ultimate identity is specified by a gene that suppresses 
noncortical cell fates. 
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REPORTS 

ASTRONOMY 

Million-Degree Plasma Pervading the Extended 
Orion Nebula 

M. Gadel etal. 

Mition-degree gas Fils the Orion Nebula implying that shock-heated 
{925 from stellar outflows is common in our Galaxy. 
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CHEMISTRY 
Elementary Structural Motifs in a Random Network 312 
of Cytosine Adsorbed on a Gold(111) Surface 

R. Otero et al, 

Upon cooling, cytosine motecules on a gold surface form a disordered 
‘network based on the assembly of three elementary structural units, 
which may have analogies with glasses. 


GEOPHYSICS 
The Subduction Zone Flow Field from Seismic 315 
Anisotropy: A Global View 

‘M.D. Long and P.G. Silver 

Identification ofthe fastest seismic-wave propagation speed 

Jn subduction zones reveals that trench migration induces ow 
{inthe mantle above and beneath the subducting slab 


EVOLUTION 
A Localized Negative Genetic Correlation Constrains 318 
‘Microevolution of Coat Color in Wild Sheep 

J. Gratten etal. 

"though the fitness of wild sheep increases with size, large, dark 
sheep are becoming rarer because colar is genetically linked to 
genes that decrease fitness. 

ECOLOGY 

Coastal Ecosystem-Based Management with 321 
Nonlinear Ecological Functions and Values 

E.B. Barbier eta. 

Taking ito account the nonlinear elation between preserved habitat 
area and wave attenuation faitates integrated management of 
coastal conservation and development. 


DEVELOPMENTAL BIOLOGY 
B-Catenin Defines Head Versus Tail Identity 323 
During Planarian Regeneration and Homeostasis 

KA. Gurley, J. C Rink, A. S.Alvarado 


‘Smed-picatenin-1 Is Required for Anteroposterior 
Blastema Polarity in Planarian Regeneration 
CP. Petersen and BW. Reddien 

‘ter the head or tal ofa planaran is Severed, the signa intensity 
‘of a prominent developmental signaling pathway controls whether 
new head or tal regenerates. 

GENETICS 

Natural Genetic Variation in Lycopene Epsilon Cyclase 330 
Tapped for Maize Biofortification 

GE Harjes etal 

Identification ofthe gene that controls vitamin A levels in maize 

wil allow production of varieties that can improve global heath 
without using transgenic methods, 
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CELL BIOLOGY 
Dual Positive and Negative Regulation of 3 
Wingless Signaling by Adenomatous Polyposis Coli 

CM, Takacs etal 

‘An important developmental signaling molecule known to be a tumor 
suppressor can also activate growth, possibly explaining the 
responses of some cancers. 


MEDICINE 
Initiating and Cancer-Propagating Cells in 336 
TEL-AMLI-Associated Childhood Leukemia 

D. Hong etal. 

‘ential twins each carry preleukemic cells containing the 
‘characteristic chromosomal translocation, but only one undergoes 
further genetic changes and develops leukemia 

BIOCHEMISTRY 

Effects of Molecular Memory and Bursting on 339 
Fluctuations in Gene Expression 

J.-M Pedraza and ) Paulsson 

‘theory of stochastic gene expression suggests that noise can be 
modulated without feedback loops, complicating interpretation of 
single-cell experiments, 
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‘A cchange of heart. 
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Building a New Heart From Old Tissue 


‘When newborn cells are transplanted onto a “skeleton” of 
an adult heart, it becomes a pumping organ in the lab 

How to Make a Submarine Disappear 

Researchers think objects can be made acoustically “invisible.” 


High Prices Just Feel Good SCIENCE CAREERS 


‘Anticipation of quality activates our brain's pleasure center vi. sci 


‘Making a graceful exit. 


MisciNet: Following the Image 

A. Sasso 

‘Ana Skop built a career trom things others pss over, from cellular 
detritus to shy high school students. 


‘Mind Matters: Leaving a Lab Gracefully 


1.5. Levine 
eo) 5) usd When ts time to leave the lab, the key is to make sure the end isnt 
0 oe biter. 
<2) R) Tooling Up: Deating With Men Who Have a Problem 
=< With Women 
D. Jensen 


You're likely to encounter men who have never learned how to relate 
tostrong, competent women. 

From the Archives: You've Worked Hard to Get This Far 
J-Austin 

Don't blow your academic jb interview, 


Proteins escape trom the ER surface. 
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PERSPECTIVE: The Endoplasmic Reticulum Takes Center SCIENCE PODCAST re 


Stage in Cell Cycle Regulation Listen to the 18 January Science 
P Fearon and 0. Cohen-Fix podcast to hear about genetic 


The ER appears to playa key role in controling the spatial testing for psychiatric disorders, 
localization of proteins involved in the cell cycle. *% @ possible viral culprit in a rare 
‘ST NETWATCH: UCSC Genome Bioinformatics 


skin cancer, the legacy of 


Analyze your gene of interest in a range of organisms using the tools — water-ponered mills, and more, 
available at the UCSC Genome Browser; in Bioinformatics Resources vw scencemag or/sboutpodcast. tl 
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<< Shockingly Hot 


Four extremely bright and massive stars, called the 
Trapezium, primarily illuminate the Orion Nebula. Giidet 
et al. (p. 309, published online 29 November; see the 
Perspective by O’Dell and Townsley) show that the Orion 
Nebula glows in x-rays because itis flooded with very hot 
‘gas in excess of 1 million kelvin, This heating is likely the 
result of shocks from powerful outflows from one bright 
star in the Trapezium. The majority of the stars in our 
Galaxy are found in regions similar to the Orion Nebula, 
so this phenomenon should be widespread throughout 


Evolution in Soay Sheep 


Quantitative trait loci (QTLs) are genetic loci corre 
lated with a typically additive phenotypic trait such 
as height or color. In Soay sheep, dark coat color is 
associated with large body size, which is heritable 
and positively correlated with fitness, Through 
mapping of the region associated with the loci 
Getermining coat color, Gratten et al. (p. 318) 
detail the linkage of several causal mutations 


within a small genomic region within a free-t, 


sheep population. A strong correlation was foun 
between coat color and weight, but these relations 
showed antagonistic effects between body size and 


lifetime fitness, This study provides empirical sup: 
port for the role of a negative genetic correlation in 
the evolutionary dynamics of a natural population 


Organizing Brain 
Development 


Inearly development, the cortex of the mam: 
malian brain is built ayer by layer, from the inside 
‘out, But before that occurs, the neural epi 
consists of only asingle ayer of stem cells. Man 
gale et al (p. 304; see the Perspective by Grove) 
have now determined that in mice the gene Unx2 
determines cortical identity for cells at these earl 
est stages. Lnx2 establishes whether cells give rise 
to the cortical hem, whichis now seen to function 
a5 an organizer of hippocampal development. 


Describing Disorder 
Insights into the structure of amorphous mater 
als usvally come from theoretical modeling ot 
from microscopy studies of larger colloidal pat 
cles Although scanning tunneling microscopy 
(SIH) methods can achieve atomic resolution, 
molecular overlayers on metal substrates 


waww.sciencemag.org 


the galactic plane. 


either to form bulk-tke islands or crystallize into 
ordered films. Otero et al. (p. 312, published 
online 13 December) report STM images of cyto 
sine molecules adsorbed on gold surfaces which 
show that the molecules are highly mobile at 

0 below 150 
yen- bonded networks 


nperature, Upon cooling 


kelvin, disordered hyd 


form that can be characterized as being built up 
from three types of subunits—zigzag filaments 
and five- and six-membered rings. 


The Not-So-Old Mill Streams 


Our understanding of natural stream devel 
‘opment has been greatly influenced by 


many studies in the eastern Unit 
States. Walter and Merritts 

(p. 299, cover; see the Per 
spective by Montgomery) now 
show that mill dams were perva 
sive—there were more than 65,000 mills in the 
19th century—and that these structures thor 
‘oughly changed the natural character of the 
floodplains and streams. Mapping of about 20 
streams in detail showed that these dams, col 
lectively spanning the full length of many 
streams, along with widespread deforestation 
could cause up to 5 meters of sediment to accu: 


‘ulate in floodplains. Streams were changed 
from branching channels across broad wetlands 
to confined meandering channels. 


Vitamin A in Corn 

Vitamin A deficiency affects the vison of mi 
lions of children each year a problem that could 
Je addressed with dietary adjustments. Harjes 
et al. (p. 330) show that natural maize variants 
offer a wide range ofthe precursors o vitamin 


A The cyclase gene IcyE is critical in assigning 
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carotenoid variants to different metabolic path 
ways. Aselective breeding program, rather than 
complicated transgenic methods, may be able 
to deliver more nutritious maize, 


Heads or Tails 


Planarians—tubular flatworms—can regener 
ate all of their body parts and entire organ sys 


after amputation, However, the mecha- 


tem 
nism by which the animal “knows” how to gen: 
ad removal or a tail after 


erate a head after h 
tail removal, a property called regenera: 

tion polarity, is unknown, Gurley et 
al. (p. 323, published online 6 
December) and Petersen and 
Reddien (p. 327, published online 
6 December) now find that a con: 
served factor within the Wnt sig 
‘naling pathway is used to distin. 
guish head from tail. Decreased 
Wot signaling through B-catenin 
causes the regeneration of heads, 
whereas activation of Wat signaling 
induces tails. 


Cellular Origin of Leukemia 
Littl is known about preteukemic celts, in 
which deleterious mutations first arise and 
function, because such cells are “clinically 
silent.” Hong et al. (p. 336) studied a pair of 
identical twins, one of whom has childhood 
acute lymphoblastic leukemia. Both twins pos: 
sessed a cel population that contained the dis 
ease-using chromosomal translocation but 
was not yet malignant. Subsequent modeling 
experiments in mice revealed that these pre 
leukemic ells could go on to generate the se 
renewing cells that propagate leukemia 
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Engaging Iran 


POLITICAL ACRIMONY IN THE WAKE OF 9/11 QUASHED MANY ALREADY-CONSTRAINED 
scientific interactions between the United Statesand Iran. Proposed Fulbright and sister-city pro- 
grams hat could have involved universities and medical facilities were also derailed, and obtain- 
ing US. visas for scientists became a major obstacle. And intensified confrontation over Iran's 
nuclear ambitions further increased political skepticism asto the value of scientific collaboration, 

Though doubted by some, the recent intelligence report that Iran terminated its nuclear 
‘weapons peogram in 2003 may help heighten interest in cooperation in Washington and Tehran, 
There are good reasons not to let this opportunity slip by. Science-related engagement can not only 
contribute to solutions of global problems but can also help improve understanding of each coun- 
try’s society and politics, with attendant benefits for bilateral political relations. 

The historical attachments of the Iranian scientific community to the United States remain 
cooperation has shaped many programsat prestigious universities in Tehran, Shi- 
raz, and other Iranian cities. U.S.-trained Iranian professors have introduced new 
[programs in transportation design, materials research, and molecular genetics, 
The successfl career paths of Iranian students who have studied at U.S, gradu- 
ate schools in electrical engineering and physics are increasingly recognized in 
both countries. The number of joint Iranian-American scientific publications in 
international journals exceeds Iranian publications with any other country. At 
the same time, US. scientists have had access to Iranian research on seismicity, 
specific cancers, and unique approaches to fish farming in inland ponds. 

But bilateral scientific engagement that can buikt on US. and Iranian tech- 
nical achievements has rapidly atrophied. Many brilliant young Iranian students 
secking advanced study abroad are limited to Canada, Europe, or Japan because 
of difficulties in obtaining US. visas. And concerns over the political situation 
have reduced the interest of US. scientists in visiting Iran. 

‘During the past 8 years, the ULS. National Academies have sponsored annual 
USS-Iran scientific workshops in both countries in areas such as Limnology, water conservation, 
science and ethies, and distance education. These workshops and related individual exchanges 
have shown that cooperation on problems of mutual interest is possible even in very harsh political 
‘environments. In some ways, this bridge-building is reminiscent of early U.S. exchanges with the 
former Soviet Union and China. But more needs to be done to help repair the broken di 
between the scientific and intellectual communities ofthe two countries 

The past 3 months have seen a remarkable series of science-related events involving Iran. An 
October visit by a US. scientific delegation concluded with a joint decision to increase the fe- 
‘quency of bikiteral workshops and the number of exchange visitors. During that visit, Princeton 
physicist and Nobel laureate Joseph Taylor delivered a lecture at Sharif University in Tehran that 
\was seen in person and via the Internet by thousands of Iranian faculty members and students, In 
November, the US. Department of State alo and Academy for 
Educational Development organized 3-week program for specialists in food-bome diseases from 
five institutions in Iran, including a joint scientific workshop and visits to US. institutions from 
coast to cast. In December, Thomas Jefferson High School for Science and Technology in Fair- 
fax, Virginia, began planning audio-video teleconferences with an elite high school in Tehran as a 
first step toward a long-term relationship. A salient new development was the launch of annual 
US.-Iranian seminars on “Science, a Gateway to Understanding” The first was held in Tehran in 
November and involved scientists, political leaders. philosophers, and theologians to discuss 
scientific, political, economic, and social topics that affect understanding among nations, 

Many political leaders in Iran associate themselves with science, and many technically trained 


gue 


become advocates of cooperative programs, Particularly now, at this time of great tension in the 
US-Iran relationship, creative initiatives from the scientific communities of both countries 
deserve the broadest possible encouragement and support. 

~Glenn Schweitzer and Norman Neureiter 


10.1125/scence. 1154422 
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GENE bbS 


Understanding variation, particularly in the context of genetic heterozygosity, is an important 
step in the effort to improve domestic crops, especially in terms of enhancing resistance to 
pathogens, Having tackled a heterozygous pinot noir cultivar of the grape Vitis vinifera, Velasco 
et al, have produced a draft of the genome sequence (estimated to be 82% complete) and 
‘uncovered a large-scale partial genome duplication of 10 chromosomes. In addition, they found 
that homologous chromosomes differed by approximately 11.2% and mapped approximately 
2 million single-nucteotide polymorphisms. Analyses of duplication events within the grape 
‘genome suggest that the majority of gene duplication is Vitis-specific and not due to an earlier 
‘osid duplication, as has been postulated. These genomic resources wil support further investiga~ 
tion of grape genetics as applied to secondary metabolites (volatiles) and winemaking, and to the 
pathogen resistance of long-lived perennials, as well as adding to our understanding of genome 
evolution in the rosids, which include the already-sequenced poplar and Arabidopsis, — LNZ 
‘PLoS ONE 2, €1326 (2007), 


IMMUNOLOGY as against commensal bacteria, and its impor: 
tance for neonatal protection was confirmed 
using infection of mice deficient in CRAMP. 
Expression of the peptide diminished postnatally, 
corresponding with a gradval prolif 
erative replacement of the epithelia, 
rather than with a down-regulation 
of transcriptional activity. The 
results suggest that the newborn 
intestine uses an ongoing develop 
mental program to help establish 
«contol of microbial colonization 
‘and infection early on. —5}S 
J. Eip. Med, 208, 
10.1084/em 20071022 (2008) 


The First Sign of Defense 


Soon afte birth, the intestine is exposed to multi 
ple bacterial species, as its colonization by 
microflora begins. Some of the new immigrants 
are pathogenic, yet itis not clear how early innate 
immune protection and the initial maintenance of 
the normal microbiota are achieved. In particular, 
the antimicrobial peptide-producing Paneth cells 
‘only develop some time after the initial neonatal 
period, raising the possibility that the neonatal 
intestine may harbor another means of defense 
In support of this, Ménard et al. observed that 
although established enteric antimicrobial pep 
tides were absent from the neonatal intestinal 
epithelium, they increased overtime, in contrast, 
expression of the active, processed form of the 
cathelicidin cathetin-related antimicrobial pep: 


CHEMISTRY 


Mild Metal Mixing 


tide (CRAMP) was prominent specifically in the 
early tages of development in the epithelium of 
the small intestine, This peptide showed signifi 

cant activity against a bacterial pathogen, as well 
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Combining a second metal with platinum (PD) to 
form an intermetallic can reduce costs, inhibit 
poisoning, and in certain cases improve the 
reactivity of this widely used catalyst. However, 


the need for particle annealing at high tempera: 
ture causes sintering that reduces the particle 
surface area and introduces shape and size 
distortions. Bauer et al. present a milder tech: 
riique whereby Pt nanoparticles synthesized with 
specific shape and size dispersity are treated in 
low-temperature solution with metal salts to 
form Pt-M intermetallics (M can be tin, lead, or 
several other metals), When stabilized by growth 
on a support such as alumina or cera, the Pt 
patticles did not aggregate. In the case of PtPb 
particles supported on Vulcan XC-72, a conduc 
tive carbon black pigment, the electrocatalytic 
oxidation of formic acid occurred at a lower 
‘onset potential in comparison with commercial 
PtRu particles on the same support. — MSL 

J. Mater. Chem, 18, 275 (2008) 


CLIMATE SCIENCE 


Whither Antarctic Ice? 


Determining how much the Antararctc ice sheet 
may contribute to sea-level rise through global 
warming depends on an accurate and precise 
understanding of the mass balance of two broadly 
defined regions: the coast and the interior. Essen 
tially, the coasts appear to be losing mass while 
the interior is closer to being in balance, but con: 
siderable uncertainty remains in current estimates 
‘of mass change fr the ice sheet asa whole. In 
‘order to better constrain the coastal element of the 
problem, Rignot etal, have analyzed satellite 
interferometric synthetic-aperture radar observa: 
tions of Antarctica’ coastline from 1992 to 2006 
toestimate ice flux to the oceans. These measure 
iments, which cover 85% of the coast, show that 
although East Antarctica 
probably isnot losing 
mas, widespread loses 
in West Antarctica total 
ing 132 + 6061 
occurred in 2006, and 
that ice losses that year 
at the northern tip ofthe 
Antarctic Peninsula 
amounted to 60 + 46 Gt 
Ice mass loss from the 
coasts increased by 75% 
cover the period of the 
study. These results highlight the importance of 
changes in glacier dynamics, which are so poorly 
Understood thatthe Intergovernmental Panel on 
Climate Change could not include them in projec 
tions of sea-level rise in ts 2007 report. — HS 
‘Nat. Geosc. 1, 10.1038/nge0102 (2008). 
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fa proverbial | a materials 


Lin, The physicist at Rensselaer Polytechnic 
Institute in Troy, New York, and 


colleagues 


material. Lin says he and his 


have just turned out the darkest material ever are staking a claim with Guin 


made. It's a thin film made from a fores 
array of carbon nanotubes 10 nanometers thick 
and up toa millimeter tal. The tubes reflect 

ly nothing at all: Not only do they absorb 
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Ready for Takeoff 


light welt, but the random way in which they Over the past 100 million years or so, bats 
Intertwine with one another scatters nearly all | have many featur istinguish 
the light they don’t absorb, sm from their mammalian cousins. One i 

Whereas the previous low-reflectance record | long, bony digits to support their wings. Now 
holder, an etched surface of nickel phosphorus, | by manipulating one small DNA sequence 
reflected just 0.16% of incoming light, 


the nanotube array returns merely 0,045: 


NANO-CAR 


It looks like @ toy and has an 
engine just a tad more powerful 
than a lawnmower’. But the new 
no-frills minicar unveiled by 
Indian automaker Tata last week 
is making big waves. At $2500, 
the Nano will be the world’s 
cheapest car when it rolls off the 
assembly lines next year. Tata 
officials say its price and its 20-kilometers-per-liter fuel economy make it ideal for millions of 
Indians who can now afford only bicycles and public transportation. But environmentalists 
‘worry that it will further clog streets and worsen air quality. And many wonder if the lightweight 
no-airbags car wll meet safety standards in developed countries. 
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Richard Behringer of the University of Texas 
D. Anderson Cancer Center in Houston and 


colleagues have nudged mice a tiny step 
along the evolutionary path 


to bat-hood 


The researchers 
looked at the 
expression of a 


homeobox gene 
prxl, akey to the 
development of 
limbs in all 
mammals, and 
found that bats 
pressed th 
ne differ 


tly from 
mice in embryonic limbs. So, in 


mice they removed a chunk of DNA known to 
control prad expression and replaced it with 
the same piece from bats, The forelimbs of the 
resulting mice were 6% longer than those of 
normal baby mice. Although small, that 
increase is “important,” says developmental 
biologist Clifford Tabin of Harvard Medical 
School in Boston. 

Similar studies have been done with 
flies and worms, but this is the first to show 


how a specific change in control of gene 
expression—and not an actual gene—can 
produce a gross morphological change ina 

mammal, says Behringer, whose study was 

published this week in Gentes & Development. 
If you play this through with lots and lots of 
genes, maybe ultimately we could make that 


use fly out of the cage. 
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By day, Greg Graffin teaches at the 
University of California, Los Angeles. By 
night, the 42-year-old biologist sings 
for Bad Religion, a punk rock band he 
c 5. Some of his lyrics 
age of science. In one 

he laments about 


ded at 
draw upon the lang 
song, for instance, 
“Modern man / pathetic example of earth's 
manic heritage / Just a sample of carbon 

sed wastage.” Seience spoke with Graffin 
recently while he was on a tourto promote 
the group's 14th album, New Maps of Hell 


Q: Where does the name “Bad Religion” 
come from? 


[felt that religion was useless asa way t0 
answer the “big” questions about life. I 
felt that a “bad religion” was an apt name 


for a belief system that offered incorrect 
insights into questions of a scientific 
nature, Today, I recognize that the name 
implies that there is a “good reli 
guess a good religion is founded on the 
Principle of truth through observation 
and verification. 


Q: How do you use science in your lyrics? 
A lot of scientific words are concisely 
descriptive, and this ean be poetic if they 
are used carefully, I think that questions 
about evolution particularly are great 
metaphors that can be incorporated. 
because traditionally, our songs deal with 
social hardship, inequality, and general 


problems with modem man’s lifestyle 


: Do you keep your two lives separate? 
[People sometimes think] that I'm just 
using my music to promote my science 
background and vice versa; Ilse my lec- 
ture podium to try and enlist new fans. 1 
[try] to never do that, I never talk about 
music in a lecture hall, Ifstudents come by 
[during] office hours, some of them ask 
me [about my music}, but you'd be sur- 
prised how few... [And that] keeps things 
nice and clean, 


wscience 


IP NEWSMAKERS 


EDITED BY YUDHIJIT BHATTACHARJEE 


IN BRIEF 

‘A German neuroethologist and two American 
surgeons are the winners of this year’s King 
Faisal International Prize, for science and 
medicine, respectively, given out by Saudi 
Arabia's King Faisal Foundation. Riidiger 
Wehner, a researcher at the University of 
Zurich, Switzerland, wins the $200,000 sci- 
‘ence prize for his research on how desert 
ants navigate. Donald Trunkey, a professor 
‘of surgery at Oregon Health and Science 
University in Portland, wins half of the 
200,000 medicine prize for his role in 

the development of mobile surgical units 


injuries. Each winner will also receive a 
gold medallion, 


AA Galifornia investment banker and his wife 
have donated $20 million to Stanford 
University for stem cell research. John Scully, 
a Stanford business school alumnus, hopes 
that such donations will help accelerate the 
discovery of stem cell therapies and persuade 
the United States government to end restric- 
tions on federal funding for the field, 


The latest project to benefit from Microsoft's 
Bill Gates's fortune is the Large Synoptic 
for better care of trauma victims. The other | Survey Telescope, which astronomers plan to 
half of the prize goes to Basil Pruitt Jr, build on the mountains of northern Chile. 

a surgery professor at the University of This month, Gates donated $10 million to 
Texas Health Science Center at San Antonio, the initiative. Charles Simonyi, a former 
whose work has led to improvements in ‘Microsoft executive, threw in another 

the care of patients with serious burn 520 million. The 8.4-m-wide telescope, 
estimated to cost $389 million, is scheduled 
to see first light in 2014. 


Got a tip lor this page? E-mail people@aaas.org 


_AWARDS 


FROM JAPAN, WITH 
LOVE. This year's 
Japan Prizes honor 
pioneers in com- 
munications and 
genetics. American 
computer scientists 
Vinton Cerf (left) 
and Robert Kahn 
(middle) were cho- 
sen in “Information 
Communication 
Theory and Tech- 
nology” for creating 
the basic framework and the communication protocol that undergirds the Internet. 
Cerf is vice president and chief Internet evangelist for Google in Mountain View, 
California, and Kahn is chair, CEO, and president of the Corporation for National 
Research Initiatives in Reston, Virginia. 

Victor McKusick (right) was named winner of the "Medical Genomics and Genetics” 
prize for accomplishments including the creation of the monumental Mendelian 
Inheritance in Man, a catalog of inherited genes associated with diseases. McKusick, 
2a researcher at Johns Hopkins University in Baltimore, Maryland, also served as the 
first president of the Human Genome Organisation. Each prize carries a cash award of 
$455,000 and is sponsored by the Science and Technology Foundation of Japan. 


es 
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SCIENTIFIC PUBLISHING 


Uncle Sam's Biomedical Archive 
Wants Your Papers 


If you have a grant from the U.S. National 
Institutes of Health (NTH), you will soon be 
required to take some steps to make the 
results public, Last week, NIH informed its 
to comply with 


antees tha 


they must begin sending copies of their 
accepted, peer-reviewed 
manuscripts to NIH for post- 


ing in a free online archive. 


Failure to do so could 
delay a grant or 
jeopardize current 
funding 


research 
NIH warns, 


nded to 
they were peer-reviewed. Many journals 
retain copyright of the manuscripts they pub- 
lish, so authors must obtain pe 

post a copy on the NIH site. It is up to 
tors and 
nsto 


Grantees must deposit 
‘manuscript in 


clude review articles if 


Extra funding for 
‘immediate access? 


The origin of 
syphilis 


way: Whereas other funders help pay 
author fees that some journals charge to 
make the full text immediately available, 
NIH is not 0 


“open access, 


fering any extra money for 
Ruiz Bravo says, 

Critics have long warned of potential 
snags, For example, they note that it will 
often result in two versions of an ar 
PMC: the accepted manuscript, which has- 
n't been copyedited, and the published 
paper. Publishers also have worried that 
making articles available for free will cut 
into the subscription income needed to run 
journals and other society activities. The 
Association of American Publishers had 
e comment on the NIH plan, 
but AAP has warned that a 
mandatory policy “under- 
mines” publishers’ copyright 
and is“ 
US. laws (Science 


neonsistent” with 
1 Janu- 


The public-access Wellcome Trust PubMed Central (PMO or U.K. PMC Yes ary. p. 145). 

lav, touted as a way to \ within 6 months of publication Scientists who have been 
enable taxpayers to learn ) UK MRC UK. PHC Yes sending their papers to PMC 
about the research they \\ | hin months of pabaton Say the process relatively 
fund, was part of a spending Hee PC upon acceptance for posting Upto $2000 _—easy. but keeping track of each 
bill Congress passed in \ within 6 months of publication journal's copyright policy 
December. It makes manda- is not. For example, Karen 
tory a policy in effect since May Le bray heer opt ciclo “a Allendoerfer, lab manager for 


2005 that requ 
funded invest : 
uscripts accepted by a journal to 

NIH; the ageney posts the full text in 

the archive, called PubMed Central (PMC), 
no more than 12 months after the article is 
published. Only about 12! 
complying with the voluntary policy, how 
ever, and of $0,000 eligible articles per ye 
only 20% to 25% are being submitted either 
by authors or directly by journals, says David 
Lipman, who oversees PMC 

NIH says itis ready for the glut of manu- 
scripts it wll soon receive, but the 
that some scientists may be confused about 
\Wwhat to submit. For example, NIH is already 
removing old papers that authors mistakenly 
posted in PMC, Lipman acknowledges that 
there will be “a leaming process” but notes 
that traffic on the site is already “huge.” with 
12 million article views each month: 

NIH’ brief notice simply states that the 
policy is mandatory for all articles accepted 
on or after 7 April, Initially, NIH requested 
that only original research be archived at 
PMC, but now the agency says the policy has 


f authors are 
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‘within 12 months of publication 


comply with the journals’ policy. 


To give scientists a nudge, NIH will 
require them to include the PMC number 


when they cite their own papers in grant 
applications and pr 
possible ways of for 
ply range from havi 
call with a reminder to “the most extret 
suspending funds.” says NIH Deputy 
Director for Extramural Research Norka 
Ruiz Bravo. 
get there.” she says. 

The new law puts NIH in line with some 
other funding agencies that require 
grantees to send their papers to PMC or a 
U.K. version of the archive: these include 
the U.K. Medical Research Council and 
Wellcome Trust, which adopted such poli 
cies in 2006, and the Howard Hughes Med- 
ical Institute (HHMI) in Bethe: 
land, whose rule goes into effect this month 
(see table). All three instituti 
that papers be posted within 6 months of 
publication in a journal. NIH differs in one 


ess reports. Other 


scofflaws to com- 


We hope we're not going to 


ns require 


HHMI investigator Susan 
Lindquist of the Whitehead 
Institute in Cambridge, Massachusetts, says 
ing out whether the author must submit 
articles directly or can rely on the journal to 
do it is “a pain in the neck.” (NIH has tried to 
help by posting a list of some 300 journals 
jomatically upload articles to PMC.) 
As for jo 
biomedical publications (including 
Science) already allow authors to submit 
‘manuscripts to PMC, some publishers say 
they will need to police the site for articles 
mistakenly posted, such as those not yet 


nals, although most major 


released from the journal's embargo or 
those published before 2005. Martin Frank, 
executive director of the American Physio: 
logical Society. says APS asked NIH to 
remove 78 papers last year, and he expects 
“hundreds” of similar errors when the 
mandatory policy kicks in. Lipman 
acknowledges that NIH had to remove 
some papers. But complying with copy- 
_ he says, is not NIH’s responsibility; 
its “between the author and the publisher.” 

~JOCELYN KAISER 


www.sciencemag.org 


REMOTE SENSING 


Satellite Company Offers Earth-Observing Researchers a Ride 


Looking fora way to get multiple daily obser- 
vations of Earth from space? A satellite com- 
munications company called Iridium may 
havea deal for you, 

Iridium is offering space on its next- 


generation fleet of 66 satellites for 
researchers to do earth observation, Bu 
\d paid for by government a 
instruments would be launched by Iridiui 
Which would manage the data transmissions 
for a fee, Next week, it wil piteh the idea to 
scientists. finding agencies, and instrument 
‘manufacturers at a meeting at the Royal 
Society in London. But the $1.6 billion price 
tag could prove a bit too steep. 

“The concept can't be argued with,” says 
Mick Johnson of the European aerospace 
‘company EADS Astrium, who also heads the 
U.K-s Centre for Earth Observation Instru- 
‘mentation, “The question is: What's the per 
formance, what's the cost, and what will we 
then not be doing!” 

Motorola set up the Iridium system during 
the 1990s as a worldwide mobile phone serv- 
ice. But it proved a financial disaster and was 
bought by a group of private investors in 2000, 
Iridium, which ean handle both voiee an data, 
now has about 225,000 customers, mostly in 
the military and in the shipping. aviation, and 
petroleum industries, Remote research 


outposts such as the 
Amundsen-Seott 
South Pole Station rely 


Type 


heavily on it tmetry Py 
The satellites, how= 

ever, provide limited Radiometry 18 

brandi —at 10kilo- 

bits/second. its slower "990g 

thana dia-upmodem 

andare expected to 240, 


begin failing during 

the next decade. So 

in late 2006, the company began planning 
a replacement constellation, dubbed Irid- 
ium NEXT, and came up with the idea of 
adding remote-sensing capabilities as a 
moneymaking venture. It's working with 
Trident Sensors, a British company that 
makes Iridium re 
such as ocean-monitoring 
autonomous submersibles. 


fers for scientific uses 
buoys and 


Most earth observation these days is 
done by single satellites, often huge behe- 
moths bristling with sensors. Although this 
approach allows researchers to compare dif- 
ferent types of data. it is less useful for 
studying phenomena that evolve rapidly, 
because a single craft can take days to return 
to a particular spot. Iridium’s idea is entire 
different: The satellites’ main function will 
remain communications, but the company 
will make available on each one enough 
e-sized instrument, weigh- 


room fora suit 


ing no mo 
less than 30 watts of power. Government 
agencies would choose what instruments to 
nd control them in orbit; 
Iridium would charge to download the data, 


Because there are 66 satellites 


with many carrying the same 

instrument, an 

an be viewed many 
apturing 


times a 
fast-changing phe- 
nomena such as plant 
growth or how air 
pollution levels vary 
with the time of day 
“Science needs this. 
It’s unparalleled to 
have so many plat- 


Number of sensors Applications 


Sea surface, wave helght, wind speed, 
‘ocean circulation, tsunami early warning 


Earth’ radiation budget. ice 
‘albedo, weather forecasting 


and 
Deforestation, desertification, ice extent, 
isaster remediation 


Temperature and humidity profiles, electron 
Content of ionosphere, weather forecasting 


forms.” says atmospheric chemist Paul Monks 
of the University of Leicester, UK. 

Iridium and Trident have worked out one 
possible scenario, in which different groups 
Of the 66 satellites would carry out four sep- 
arate missions (see table): altimetry, radio- 
metry, imaging. and radio occultation. 
which gives temperature and moisture pro- 
files (Science, 7 April 2006, p. 48). But the 
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space constraints onboard the satellites 
‘mean that not all types of earth observation 
‘would work. “Only some instruments would 
be feasible,” says Volker Licbig, head of 
earth observation at the European Space 


Agency, adding that similar instruments are 
two to four times that mass, 

The big es are timetable and, 
cost, Executive Vice President Don Thoma 
says Iridium hopes to sign a contract to build 
the satellites within a year and so needs to 
know by then whether to make space for 
instruments. The satellites are scheduled to be 
Jaunched between 2013 and 2016 and will 
st 2030. If government 
agencies take up the offer and provide instru- 

‘ments, they would have to pay Iridium a 


er obst: 


operate until at lea 


“hosting fee” in the form of a pre= 


Bird watching. Iridium has 
suggested adding sensors to 

its next network of 66 com- 
munications satellites. 


buy of data services. 
Bill Simpson of Tri 
dent saystheS 1 6bil- 
tion for instrument 
‘construction and host- 
ingisa fraction of what 
it would cost funders 10 
build and launch their 
‘own constellation, 
But that doesn’t mean fun- 
ders have budget available for such a 
project in the next 12 months. The British 
National Space Centre, which coordi 
UK. spending, calls the Iridium proposal “an 
interesting opportunity” ESA’ Liebig says the 
total is“an enormously high sum” and saysthe 
agency has “no activity in this direction.” The 
U.S, National Oceanic and Atmospheric 
Administration is having meeting this month 
to discuss doing earth observation with com- 
mercial sate 
Researchers are hoping that some cor 


systems, 


mon ground will be found at next w 


London meeting. “Its very easy to say no, 
says Monks. “But you can’t et every opportu- 
nity go by just because it’s difficu 

~DANIEL CLERY 
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NEUROSCIENCE 


Mirror Neurons May Help 
Songbirds Stay in Tune 


The discovery of so-called mirror neurons a 
decade ayo has fueled much discussion in 
ience ever since. The original exper- 
iments identified neurons in monkeys that 
fire when an animal reaches out an arm or 
sees another animal make a similar move- 
ment. Brain-imaging studies have found 
‘analogous neural activity in the human brain 
in a variety of other contexts, prompting 
speculation that mirror neurons could have 
roles in perception, learning, and empathy 
(Science, 13 May 2005, p..945). 

In this wel of Nature, researchers 
describe mirror neurons in songbirds that fire 
when a bird sings or hears another bird sing a 
song similarto its own. The finding may pave 
the way to insights into how songbirds learn 


& and maintain their complex songs—one of 
H the few instances of learned communication 
aside from human language. Some researchers 
broader implications as wel 
‘This is the first description of a mirror 
system in a species other than primates.” 
says Pier Ferrari, a neuroscientist at the 
§ University of Parma in Italy, a current 
member of the team that made the original 
§ mirror neuron discovery in monkeys. 
2 Ferrari thinks mirror neurons may turn out 
§ to be “a basic feature of the vertebrate 
brain” that initially evolved to help animals 
§ refine their movements and eventually 
8 became co-opted, at least in some species, 
for more complex functions, such as under- 

2 standing the behavior of others. 
In the new study. neuroscientists Jonathan 
§ Prather, Richard Mooney, and colleagues at 


se 


wwwusciencemsa.org 


Duke University mounted an ultralight- 
‘weight device on the heads of swamp spar- 
rows that enabled them to record the activity 
of individual neurons as the birds sang and 
listened to samples of recorded songs. In a 
brain region called HVC, part of a forebrain 
circuit that mediates singing, the researchers 
identified neurons that fired in a consistent 
pattern when the bird sing a particular song. 
(Swamp sparrows typically have several 
songs in their repertoires.) During singing, 
for example. a neuron might fire atthe onset 
of a particular sequence of notes. When the 
researchers played the bird’s own song 
through a speaker, the same neuron would 
again fire whenever that sequence appeared. 
‘Sometimes the same neuron would also fine 
in response to another swamp 
sparrow’s song—but only 
‘when the other bird's song con- 
tained a similar sequence of 
notes, Mooney’s team also 
found HVC neurons with simi- 
lar responses in Bengalese 
finches, another songbird. 

“These were damned diffi- 
cult experiments.” says Daniel 
Marpoliash a bindsong researcher 
at the University of Chicago in 
IMlinois. Margoliash says the 
findings are exciting because 
the HVC neurons identified 
by the Duke team may help 
explain how individual song- 
birds are able to maintain their 
‘complex and distinctive songs 
for life. The activity of these neurons during 
singing may be a neural representation of 
‘what the bird intended to sing that it com- 
pares against auditory feedback of what it 
actually sang. Margoliash says. Such a 
comparison is probably necessary for adult 
birds to maintain their songs. he says. and 
it almost certainly plays a role as young 
birds first learn their songs as well. 

The HVC neurons may also help song- 
birds decode each other's songs, Mooney 
says. Male swamp sparrows sing back and 
forth to defend their territories, and hearing 
the song of a rival would activate some of 
the HVC neurons that fire when a bird sings 
a similar song itself, Mooney says. That 
‘might enable a bird to compare his rival’s 
song to his own repertoire—and select an 
appropriate retort. ~GREG MILLER 
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Cheer Up, Physicists 


The Bush Administration plans to ask Congress 
{or another double-digit increase nest year for 
the Department of Energy's (DOE'S) Office of 
Science, Budget documents obtained by Science 
indicate thatthe president, as part of a 2009 
‘budget to be unveiled next month, will propose 
boosting the offce’s current $4 billion budget 
toat least $4.7 billion, (The 2008 request for 
$4.4 billion was ultimately trimmed back atthe 
last minute by Congress.) Raymond Orbach, 
DOE undersecretary for science, would not con- 
firm the final 2009 number but sai in an inter 
view last week (vomesciencenow sciencemag, 
‘org/cgvcontentfull/2008/115/1) that it “will be 
a wonderful budget request.” The documents 
show initial agreement on a $128 mition 
increase for high-energy physics over the 2008 
level as of November, 

Orbach also told Science that DOE wants to 
stay involved in the $6 billion ITER fusion pro} 
ect despite Last month's decision by Congress 
{0 wipe out its planned $150 million contribu: 
tion for 2008, DOE told its partners it would 
defer its payment this year and keep a small 
staff working on the project at Oak Ridge 
National Laboratory. Earlier this month, DOE 
shuttered the Intense Pulsed Neutron Source, a 
26-year-old user facility at Argonne National 
Laboratory that is considered a predecessor to 
the new Spallation Neutron Source at Oak 
Ridge National Laboratory, “ELI KINTISCH 


New Vaccine Strategy 


NEW DELHI—in a new approach to vaccine 
development, a U.S. university will dispatch 
faculty members to India to help run a new 
vaccine research center with Indian partners. 
‘Until now, U.S. researchers have spent only a 
few months ata time in India, says Altaf A. Lal, 
a malaria researcher with the U.S. Embassy in 
‘New Dethi. Emory University’s School of Medi 
cine in Atlanta, Georgia, will spend $3 million 
‘over 3 years to hire three faculty members for 
the Emory Vaccine Center, a joint venture with 
the International Centre for Genetic Engineer- 
ing and Biotechnology (ICGEB) in New Dethi. 
Tops on the center's list is developing a 
DNA vaccine against clade Cof the HIV virus, 
developed by a team led by Emory Univer- 
sity’s Rama Rao Amara, a researcher running 
US. phase clinical trials on a related virus, 
ICGEB Director Virander Singh Chauhan says 
the new center does not intend to use Indians 
a unwitting guinea pigs for new vaccines— 
anallegation that has dogged some of the 
‘more recent Indo-U.S. vaccine trials in India. 
~PALLAVA BAGLA 
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| NEWS OF THE WEEK 


ASTRONOMY 


New Dark-Matter Map Reveals Where Galaxies Gambol 


AUSTIN, TEXAS—The most detailed 
‘map of dark matter ever made con- 
firms that galaxies cluster together 
where the density of the mysteri- 
ous dark stulf is highest. The new 
survey, which spat 
space 16 million ls 


ied a patch of 


years across 


and required 5 days of observing 
time on the Hubble Space Tel 
scope, 


affect one another most strong 
on the outskirts of these hi 
ty regions, “It’s as if people 


move in from rural areas to city 
ers, and most interactions 
in the suburbs,” 
astronomer Meghan Grty of the 
University of Nottingham in the 
United Kingdom, a member of 
the team that mace the map. 

Dark matter can’t be seen, and 
no one knows what it is. But the 


gravity of'a dark-matter clump slightly bends 
the light from faint galaxies in the back 
ground in a process known as weak lensi 


Thus, a statistical analysis of the shapes of 


tens of thousands of remote background 
galaxies reveals the distribution of dark mat- 
(er in the foreground, “It'sa very, very weak 
effect.” m member Catherine 
Heymans of the University of British Colum- 
bia in Vancouver, Ca 


says te: 


EVOLUTIONARY GENETICS 


Polynesians Took the Express Train Through Melanesia to the Pacific 


The Polynesians who settled the far-fung 
islands of Remote Oceania several thousand 
y 
most 


'$ ago accomplished one of humanity's 
ipid feats of colonization, But who were 
sarly seafarers? Researchers have lo 


these 


debated various origins for them, from Taiwan 
tothe islands of Mel 

Now, moder 
definitive answer yet. A study led by anthro- 
pologist Jonathan S. Friedlaender of Temple 
University in Philadelphia, Pennsylvania, indi- 
ceates that Polynesians bear 
tionship to aboriginal inhabitants of Taiwan 
than to the M groups who occupied 
juinea and surrounding iskands from 
50,000 to 30,000 years 

‘The new study 
says archaeolo; 
tralian National University in Canberra. It sup- 
ports the “express train” theory, which posits 


lanes 
netics has offered the most 


much closer rela- 


‘makes excellent sense, 
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Space ghosts, In supercluster Abell 901/902, astronomers plotted concentrations 
of invisible mass (pink regions) Irom their effects on passing ight. 


The new survey, presented here last week 


at the 211th meeting of the American Astro- 


Society, was aimed at the relatively 
by supercluster Abell 901/902, 2.6 billion 
light-years from Earth. As predicted by cur 
k-miatter 


no 


rent theories on cosmic evolution, 
condensations within the supercluster appear 
to be the gravitational pits that galaxies fall 


imo, Four particularly dense clumps (shown as 
pink blobs on the n 


p) coincide with stron 


that people from Taiwan moved rapidly 
through Melanesia, leav 


print, Other id 
boat” hypothesis, in which the migrating Poly- 
nesians mixed with Melanesians on their way 
ast. Then there is what has been called the 
“entangled bank” scenario, which holds that 
patterns of ancient mi 
enmeshed to be accurately re 
(Science.2 March 2001, p. 1735). 

Until now, genetic studies have yielded 
conflicting answers. Data from mitochondrial 
DNA (solely from women) told of litte inte 
breeding between Polynesians and Melani 
sians, but a Y chromosome study suggested 


rations are too 
onstructed 


extensive blending between the two. 

The new study. reported online on 17 Janu 
ary in PLoS Genetics, isbase 
markers ffom the nuclear DNA of 952 people 
in4 populations. The conclusion? “There was 


concentrations of galaxies, The 


map also confirms earlier indica- 
tions that most 
(such as tidal deformations and 
mergers) occur in regions with a 


axy interactions, 


moderate dark-matter density, on 
the outskirts of the densest blobs. 
Gray says galaxies in the dense 


s may be shooting past one 
other too quickly for much 
interaction to take place there 
Physicist J. Anthony Tyson of 
the University of California, Davis, 


warns that many more clusters 
need tobe studied before researchers 
can draw firm conclusions about 
how 


alaxies evolve and clusters 
T think we a 
ly the beginning of an exciting, 
exploration of the history of 


Witnessing 


assembly of structures in the 
universe,” says Tyson, who is also 
director of the planned Large Synoptic Survey 
Telescope (LSST) (Science, 27 August 2004, 
p. 1232). “LSST will survey an unpr 

volume of the universe, charting bill 
axies back to whet 
ter of its current ay 


vedented 
ons of 


the universe was a quar 


Tyson expects the tel 
scope, to be built in northern Chile, to be 
ready in 2014, ~GOVERT SCHILLING 


overt Seiling is an astronomy writer in Amersfoort, the 
Nethertands. 


remarkably litle genetic intermixture.” says 
Friedlacnder. Melanesians speaking Papuan 
their own ancestral tongues 


of genetic contributions from 
Melanesians sharing 


mal genetic mixing, never more than 20%. 
When different peoples interact, ... genes 
tend to be exchanged far less frequently than 


ideas and languages.” concludes Friedluender 
Geneticist and skeptic Martin Richards of 
the University of Leeds, U.K., says, however, 


that the researchers could not distinguish 
whether the Polynesians originated in Indone: 
sia or Taiwan; he argues that the paper “does 
not really move the debate forward very 
much.” But archaeologist Patrick Kirch of the 
University of California, Berkeley, calls the 
work “truly a major accomplishment.” 
CONSTANCE HOLDEN, 


wu sciencemag.org 


f 
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ASTRONOMY 


Most-Massive Black Hole Confirms 
Relativity Rules the Universe 


AUSTIN, TEXAS—You can run from Einstein, 
but you can’t hide. Astronomers observing a 
supermassive black hole 3.5 billion light- 
years from Earth have found that the object 
brightened dramatically at just the time the 
equations of general relativity predicted. As 
bonus, scientists pegged the black hole’s 
massata staggering 18 billion times the mass 
Of the sun, six times as big as the previous 
record holder. 

“This is a pretty spectacular extension of 
the regime in which the effects of relativity 
have been measure s theoretical 
physicist Robbert Dijkgraaf of the Univer- 
sity of Amsterdam, the Netherlands, who 
‘was not involved in the study. It's also bad 
news for proposed alternative theories of 
gravity that give slightly different predic- 
tions, Dijkgraaf says. 

The supermassive black 
hole, known as OJ287, resides: 


the 2.5-meter Nordic Optical Telescope on the 
Canary Island of La Palma, joined forces to 
check the forecast. Atthe 21 Ith meeting of the 
‘American Astronomical Society held here last 
‘week, Valtonen proudly presented the results: 
The flare showed up as predicted, beautifully 
confirming the binary model. From the orbital 
‘motion, the researchers calculated the masses 
of the two black holes to be 18 billion solar 
masses for the primary and a more modest 
100 million suns for the companion. 

The observations also marked yet another 
triumph for Einstein's theory of general rela- 
tivity, which states that the extremely strong 
gravitational field near the supermassive 
black hole should distort spacetime in ways 
that rapidly change the orientation of the com 
panion’s orbit. It also predicts that the loss of 
energy from the emission of gravitational 


Historical V-magnitude Light Curve of 0)287 (1sv1-1997) 


in the core of a distant galaxy, 
here its gravity sucks in mat- 
ter from an enormous disk of 
gas and dust rotating around it 
As the matter plunges towa 
the black hole, the 
core turns into a glowing 
energy furnace, Twenty years 
ago, astronomers sifting 
through photographs dating 
back to 1891 discovered that 
every 12 years or so, the radia- 


tion from this accretion disk 
flares up to about 100,000 
times normal, into bursts just 


over a year apart (see figure), 

To astronomers, such periodic behavior 
smacked of orbital motion, Mauri J. Valtonen 
of the University of Turku in Finland proposed 
that a smaller companion goes around the 
supermassive black hole, following a very 
elongated orbit strongly tilted with respect to 
the primary saceretion disk. Every 12 years, at 
its closest approach, the smaller black hole 
passes through the accretion disk twice. sti 
ting it up and heating nearby matter enough to 
produce a brightness peak. Afier new flares 
appeared in 1994, 1995, and November 200 
‘Valtonen and colleagues modeled the binary’s 
orbit and predicted that the next peak would 
occur on 13 September 2007. 

‘About 30 professional and amateur obser- 
vvatories including the German 3.5-metertele- 
seope at Calar Alto Observatory in Spain and 
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‘Year 


Ups and downs. Swings in brightness of a distant energy source mark 
the orbital waltz of two black holes—one of record size, 


‘waves should cause the orbit to shrink—an 
effect that won a 1993 Nobel Prize for two 
physicists who first detected it ina binary neu- 
tron star. Without spacetime curvature, the 
flare would have occurred 10 days earlier than 
predicted, Valionen says: without gravitational 
waves, 20 day’ later, 

“The result is of fundamental importane 
since precision measurements that reall 
general relativity only became available quite 
recently.” Dijkgraaf says. On a cosmic time 
this particular test case will be gone 
soon as well: The two black holes are expected 
tocolfide andl menge within some 10,000 years. 
‘When that happens, astronomers will really 
have something to stare at. 

~GOVERT SCHILLING 


Gover Schilling isan astronomy writer in Amersfoort, the 
Netherlands. 


JPL Workers Win in Court 


‘Scientists and engineers at NASA's Jet Propul- 
sion Laboratory JPL) have won a temporary 
reprieve from a new rule mandating extensive 
background checks ofall government employ- 
ees and contractors. Last week, a federal 
judge in Los Angeles abided by an order 
from an appellate court and allowed the 
28 employees to continue working at the 
Pasadena, California, facility without giving 
the government permission to investigate 
their personal histories. NASA officials said 
the new checks, which went into effect this 
fall, are needed to improve lab security. But 
the appellate court said that the employees, 
who sued NASA and JPL in August, were facing 
“a stark choice: either violation of their con: 
stitutional rights or loss oftheir jobs." The 
‘ase will now go to trial, "We were subjected 
to. lot of pressure from JPL, and we are glad 
to have survived,” says planetary scientist 
Robert Nelson, one of the plaints 
-YUDHI}IT BHATTACHARJEE 


Korean Science Shakeup Looms 


SEOUL—South Korea's research community is 
worried that former construction magnate Lee 
‘Myung-bak could bulldoze the Ministry of Sc: 
‘ence and Technology (MOST) when he takes 
‘over as president on 25 Februaty. As part of 
hhis pro-business, small-government agenda, 
Lee has pledged to eliminate four of 18 min 
istres, with final details to come, Speculation 
is rampant that the science ministry's educa 
tion components—including management of 
the Korea Advanced Institute of Science and 
Technology (KAIST}—will be handed to the 
Education Ministry, while the rest of MOST is 
folded into other ministries. Merging MOST 
with the Ministry of Education may only 
weaken it, KAIST president Suh Nam-pyo wrote 
ina statement last week. “MARK RUSSELL 


Soiled: Nanotech’s Reputation 
Nanotech experts agree that the health risks 
‘of nanotechnology need more study, but the 
British Soil Association, which sets standards 
{or organic farming, isn't waiting forthe data, 
This week the group launched a preemptive 
“ban” announcing that it would not allow 
engineered nanoparticles smaller than 
200 nanometers in the products that it cet 
fies as organic. “Companies are going to face 
‘greater pressure to clarify risks and benefits," 
says David Rejeski, who directs the Project on. 
Emerging Nanotechnologies of the Woodrow 
Wilson International Center for Scholars. 
ERIK STOKSTAD 
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INFECTIOUS DISEASES 


Isolated Tribe Gives Clues to the Origins of Syphilis 


In 1494, King Charles VIII of France invaded 
Italy. Within months, his army collapsed and 
fled. It was routed not by the Italian army but 
by a microbe. A mysterious new disease 
spread through sex killed many of Chatles’s 
nid left survivors weak and disfig- 
ench soldiers spread the disease 
across much of Europe, and then it moved 
into Africa and Asia, Many called it the 
French disease, The French called it the Ital- 
ian disease. Arabs called it the Christian dis- 
ease. Today, itis called syphilis 

The sensational debut of syphilis inspired 
centuries of debate, Some have argued that 


Columbus's crew brought the disease from 

the New World to Europe; others say the dis- 

ease existed unrecognized for centuries in the 

Old World before turning virulent. This week 

in the journal PLoS Neglected Tropical 
am of researchers 


Diseases, a 
argues that neither hypothesis 
is correct, Syphilis originated 
asa milder, nonsexual disease 
in the New World, they say 
and it evolved into its current 
form after Europeans arrived. 
Among the evidence they offer 
isa mysterious disease restricted 
to an isolated tribe in a South 
American jungle, Its DNA. 
they argue, reveals that itis a 
kind of protosyphilis, 

The disease was discovered 
in 1999 by a team of Canadian 
dlgctors who travel each sum- 
mer into remote jungles in 
Guyana to provide medical 
Akwio tribe. 


care to the 


at the University of Tor 
noticed that some of the Akwio children had 
open sores on their arms and leg 


To Silverman, it seemed like a combina- 
tion of two diseases. syphilis and yaws. The 
former, caused by bacteria known as 
Treponema pallidum pallidum, produces 
open sores. But itis spread through sexual 
contact and forms sores around the genitals. 
Another strain, 7: p. pertenue, causes yaws. 
\which is spread by skin contact rather than sex 
and produces sores on the limbs, But the 
Guyana disease was not quite like yaws either. 
That disease causes raspberrylike eruptions, 
not the open sores the doctors saw: 
This is bizarre.” says Silverman, 

The following year, Silverman and his col- 
leagues proved that the disease was caused bya 
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form of Treponema, which infected about 
of the children in the tribe. They be 
treating them with penicillin. Just before 
boarding a flight for his 2005 mission, 
Silverman got a call from Kristin Harper, a 
graduate student at Emory University in 
Atlanta, Georgia, She was sequencing DNA 
from every known strain of Treponema and 
asked him to get her some from Git 
netic analysis could 
shed new lighton the origins of syphilis. Until 
c revolved around bor 
red by syphilis. Some 
jaimed to have found lesioned 
bones of Europeans who lived centuries 
before Colu 
missed those findin 
Harper and her colleagues hoped to 
reconstruct the evolution of different strains 


ana 


ibus’s voyages: others dis- 
elusive. 


Taking the cure. Whatever its origins, syphilis hit the Old World hard. This illustration 
Michael Silverman, a clinician shows a man being treated with a concoction made trom the Guaiacum tree 


of Txponema by comparing their DNA. But 
athering the DNA was difficult. Although 
syphilisiscommon, the other strains are rare, 
and none can be cultured easily outside 
its human host, To get the DNA sample: 
Silverman dipped swabs into sores. pr 
served them in alcohol, and sent them to 
Harper, who extracted fragments of 
Treponema DNA. Months later, Silverman 
F from Harper. “She said, “You found 
the origin of syphilis!” “he recalls. 

When Harper and colleagues used the 
variations in the Treponema DNA to draw an 
evolutionary tree, the deepest branches 
belonged to samples of yaws from the Old 
World. Newer forms of 


Treponema strain in Guyana sat on 3 
relatively young branch, suggesting that yaws 
had been carried into the New World by the 
first immigrants some 12,000 years ago, and 
that the Guyana strain evolved there, It shares 
a close ancestry with all strains of syphilis. 
The relationship also suggests that the 
Guyana strain is a transitional form that had 
already acquired some of syphilis’s traits, 


such as the open sores. 

In this form, the bacteria could move eas- 
ily through skin contact, because its hosts 
wore little clothing, But once the bacteria 
infected the more heavily elad European 
explorers, the researchers speculate, it may 
have had to find a new route of transmission, 
You bring in the Europeans who only touch 
skin when they have sex, and it takes off as a 


venereal disease,” Silverman says. For rea 
sons scientists don't yet under- 
stand, the pathogen also 
evolved into a far more di 
xgerous form that could trigger 
an epidemic in Europe, 

John Logsdon, an evolu- 
tionary biologist at the Uni- 
versity of Iowa in Lowa City, 
praises the research but doesn't 
think it offers definitive proof 
of where syphilis came from. 
“There's very little data to dis- 
tinguish between the hypothe: 
ses.” he says, The new evolu- 
tionary tree is based on varia- 


tions at only four sites in the 
Treponema DNA, which 
Harper agrees isa small num- 
ber. One reason the data ae so 
sparse is the challenging work 
conditions in the jungles of 


Guyana, where Silverman preserved samples 
in unrefrigerated alcohol—far from the ideal 
\way to keep DNA from degrading. 
zsdon and Harper agree that the best 
way to test the new hypothesis would be to 
draw another evolutionary tree based on the 
entire genomes of the strains. But that may 
not be possible, as Silverman and his col 
leagues have not been able to get any more 
DNA from the Guyanese strain. On subse- 
quent missions, they failed to find anyone 
infected with it, It appears that they have 
eradicated the disease, “We're still looking 
ays Silverman, 

CARL ZIMMER 
art Zimmer isthe author of Microcosm: E.coli and the 
‘New Science of Life, tobe published in May 


for one more case? 
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EPIDEMIOLOGY 


Calculating Iraq's Death Toll: 
WHO Study Backs Lower Estimate 


A team led by the World Health Onganiza- 
tion (WHO) has produced a new estimate of 
the number of Iragis who died violently in 
the first 40 months following the US.-led 
invasion: between 104,000 and 223,000. 
This figure, published online last week by 
the New England Journal of Medicine, hews 
close to some other attempts to quantify the 
toll but comes in far below a controversial 
2006 study led by researchers at Johns Hop- 
kins University in Baltimore, Maryland. 
That group estimated approximately 
600,000 violent deaths during the same 
period. The discrepancy has prompted erit- 
ies to renew their charge that the Johns Hop- 
kins results are not credible. 

Data froma war zone are never fully r 
able; the best researchers ean hop. 
roughly right,” says 

Fritz Scheuren, a statistician at the Univer- 
sity of Chicago in Ilinois and past president 
of the American Statistical Association. 
Escalating violence in Iraq after 2003 put a 
limit on quality control, but researchers do 
have a quantitative starting point: the casu- 
alty tally made by Iraq Body Count, a non- 
profit advocacy group based in London, By 
controlling for multiple accounts of the same 
car bombs and shootings, the group esti- 
mates from media reports that between 
81,000 and 88,000 violent deaths have 

& occurred in Iraq since the invasion. The fig- 
useful as “a lower bound on the true 

”* says Jon Pedersen, a statistician at 
fo Institute for Applied International 


the 
Studies in Oslo, Norway. 

To get the upper bound, says Pedersen, 
you have to knock on doors in what is known 


as a two-stage cluster survey. That's the 

method used by the WHO and Johns Hopkins 
& reams, among others, Researchers divide the 
¥ country into regions and then sample clusters 

of households within each. Finally, they 
© extrapolate mortality rates from those elus- 
§ ters to the total population. 
Epidemiologists Les Roberts and Gilbert 
Burnham of Johns Hopkins published the 
first Iraq cluster study in November 2004 in 
& The Lancet. They used data collected by 
Roberts and an Iraqi team. which, in Sep- 
& rember 2004, surveyed 988 households in 

33 clusters across the country. They arrived 

ata figure of 98,000 “extra” deaths since the 
§ invasion, about half due to violence. Soon 
§ after this, a team led by Pedersen and the 
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United Nations Development Programme, 


which had used a much larger sample of 


21,668 households in 2200 clusters, pro- 
duced an estimate for roughly the same 
period of about 25,000 violent deaths. 

As the invasion gave way to occupation 
and insurgency, Roberts and Burnham 


‘Human cost. The WHO-led iraq Family Health Survey estimated as. 
‘many a5 223,000 deaths since the iraq invasion, far fewer than a 


survey by Burnham and Roberts estimated. 


‘communicating from abroad. Published in 
October 2006 in The Lancet, the second 
survey—based on 1849 households in 
47 clusters—estimated that 601,000 Iraqis 
died violent deaths between the 2003 inva- 
jon and July 2006. To many, the number 
seemed unrealistically high. Some also 
faulted the authors for not fully answering 
questions about the survey's methods 
(Science. 20 October 2006, p. 396). 

‘Now comes the WHO survey. Conducted 
with the help of the Irigi government, itis by 
far the most comprehensive mortality 
assessment to date. Interviewers visited 
9345 homes in more than 1000 clusters. But 
its estimate of 151,000 violent deaths has 
come in for some criticism, too. Unlike other 
Iraq casualty surveys, this one includes an 
upward adjustment of 35% to account for 
“underreporting” of deaths due to migration, 
memory lapse. and dishonesty. “That is 
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really an arbitrary fudge factor,” says 
Debarati Guha-Sapir, an epidemiologist at 
the WHO Collaborating Centre for Research 
on the Epidemiology of Disasters in Brus- 
sels, Belgium, But the number falls squarely 
within the range produced by a meta-analy 
of all available mortality studies by 
Guba-Sapir and fellow centre epidemiolo- 
gist Olivier Degomme, The Johns Hopkins 
figure is an outlier, she says. 

Why the Hopkins study came up with 
such a high figure is not clear. Criticism of 
the study has in fact intensified since Burnham 
and Roberts released a data set to 
selected peers last year, “It did 
not include the standard kinds of 
data,” says Seppo Laaksonen, 
statistician at the University of 
Helsinki in Finland and a spe- 
cialist in survey methodology. 
For example, he says, it was 
impossible “to check the obje 
tivity and randomness of cluster 
selection.” Scheuren, who also 
received the data, wanted 
compare results obtained by di 
ferent interviewers to “get a han- 
le on noise” and check for fabri- 
cation by surveyors. Roberts 
declined to provide all the 
details, according to Seheuren, 
saying that he was concerned 
that this would risk the safety of 
the interviewers. 

Burnham told Science. how= 
ever, that the Johns Hopkins 
team does not have such detailed 
information. “Our goal was to 
reduce any type of risk to the community 
and the participants,” says Burnham, 
“While we have much of the raw data, we 
requested that anything designating the 
interviewers or the location of the neighbor- 
hoods visited not be sent to us.” Laaksonen 
responds that he would not have published 
“any figures for the country” if he didn’t 
have direct aecess to such raw information 
from surveyors. 

Burnham is not retreating, Because the 
WHO survey was conducted by Iraqi gov- 
ernment personnel. “people may have been 
hesitant to answer honestly.” he says. He 
claims that unlike those in the WHO study, 
nearly all of the deaths tallied by the 2006 
Lancet study were verified with death ci 
tificates. Even ifthe debate may be drawing 
toa close about whether the number of vio- 
lent deaths in postinvasion Iraq could be as 
high as 600,000, the argument about meth- 
ods is clearly far from settled. 

“JOHN BOHANNON 
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SAN DIEGO, CALIFORNIA—Startir 
‘tof John Kelsoe’s 
life plan. A respected psychiatric geneticist 


nology company was not 


here at the University of California, San Diego 
(UCSD), he has spent 20 years patiently 


searching for the genes behind bipolar dis: 
order, tracing patterns of inheritance in far 
ilies from Amish Pennsylvania to Iceland 


Kelsoe has now laid this solid reputation on 
the line: He has founded a company that last 


year quietly beyan selling the first gene test 
help diagnose people with bipolar disorder, 


which affects about 1% of the population 


Kelsoe knows well that he is 
opening himself up to harsh criti 


cism, And it has begun: Francis 


Collins, director of the National 
Human Genome Research Insti: 
tute (NHGRI) in Bethesda, Mary 


land, was taken aback to learn that 


gene test for bipolar disorder was 
on the market, Being di 
with 


nosed 


mental disorder ca 


‘great significance.” says Collins, 
who, like many in the field, thinks 


atest based on current knowledge 
is likely to be misleading. In 
Collins's list of accepte 


nes for 
common diseases, “there are no 
entries” yet for bipolar disorder, 


Kelsoe 


of an academic who has spent yearsin the lab- 


tall and trim, with the slight stoop 


“onaory, agrees that the genetics of bipolar are 


still cloudy. But he has grown frustrated with 


the slow diagnosis and spotty treatment of the 
dis 


ase. On average, 7 years elapse from the 


wosis, and patients 


huge need” for information, Kelsoe says. “As 
{ conservative 
have to think 


opposed to playing it safe 
scientifically, | think we al: 


for physicians and for ps 


jens, 


Unconventional: Psychiatrist 
Kurt maare putting gene testing 


SCIENCE 


His company, Psynomies, is the first to 
market a test in psychiatric genetics, but it 
Won't be unique for long, Another company 


in Louisville, Kentucky, plans next year to 


start offering a similar test for schizophrenia, 
A third, in Boulder, Colorado, will launch a 
genetic screen to help identify those at risk of 
suicidal thinking from antidepressants, 


Psychiatric genetic testing is only a slice 


of the fast-expanding genetic testing market 


but it arouses fierce emotions, The new gene 


tests are very different from traditional ones 
for rare and often fatal diseases like cystic 
fibrosis, Tay-Sachs, and sickle 
cell anemia, With these, the cause 


is not in question: An individual 
cursed with faulty genes from 
both parents has a 100% chance 
of contracting the disease 
Bipolar disorder is another 
animal entirely. Dozens, perhaps 
even hundreds of genes may con- 
tribute along with 
lan 
tig 


its onset, 
ly unknown environmental 
xs, This makes it similar to 


heart disease, adult cancer, and 
type 2 diabetes. Each 
ant may raise risk only slightly 
say. from 1% to 2% 


that the vast majority of people 
with these variants never fall ill 


g 
3 
& 


‘Moving target. Many researchers say that early 
studies linking genes and mental iliness need to 
be replicated. 


from that disease. Furthermore, in bipolar 
rier, suspect genesare still being uncov~ 
cred. There’s much debate about which find- 
ings will endure and which will be picked up 
‘once or twice and never seen again, 

Because of this uncertainty, not to men- 
tion concern about how test results will be 
irchers and ethicists are ask~ 
tions. Why test for genes 
isshaky or that boost risk only 
‘Who will buy these tests? And how 
‘ill consumers understand and cope with the 
genetic information they're given? 


The genes 
The men running Psynomics, including 
Kelsoe, its chief scientific officer, see them- 
selves guiding this nascent field and carving 
‘out an early niche, They also believe, in the 
words of UCSD business school assistant 
dean and Psynomies CEO Kurt May. that 
“we ... don’t have to win the Nobel Prize on 
this one, and we don't have to solve the 
problem for all time, All we have to do is 
present a business model that is one better 
than psychiatry today” 

At the heart of that business model is 
GRK3, 4 gene on chromosome 22 that Kelsoe 
identified in the late 1990s. In 2003, he 
reported in Molecular Psychiatry that a 
change in an individual DNA base in GR&3, 
called a single-nucleotide polymorphism 
(SNP), was associated with about a three 
times increase in the risk of bipolar disorder 
in 428 families studied. But the variant was 
rare, found in only 3% of these with bipolar 
and 1% of the unaffected. 

Since then, Kelsoe has hit on a combina- 
tion of four SNPs in GRK3 that together 
scemto be associated with a doubling of dis- 
ease risk and are more common. They were 
found in 15% of bipolar patients (and 5% of 
those without the disorder) in I81 Caucasian 
families. That work was published last 
month, UCSD has filed for global patent 
protection on both sets of variants and 
licensed them to Psynomics: Kelsoe will 
share in licensing fees and any profit. The 
Psynomics test looks for both GRK3 vari- 
ants. It also checks for a publicly available 
mutation in the serotonin transporter gene, 
which is believed to influence a person's 
response to certain antidepressants, often a 
component of treatment for bipolar disorder. 

Does GRK3 play a compelling role in 
bipolar disorder? It may or it may not. “It’s 
always possible” that it’s involved, but “to 
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ime it seems unlikely.” says David Collier, a 
neuropsychiatric geneticist at the Institute of 
Psychiatry in London. In December 2006, 
he published a paper arguing that bipolar 1 
disorder, the more severe of two known 
forms of bipolar disorder. was not associ- 
ated with GRK3 in a sample of 410 patients 
and controls from Scotland. But Collieradds 
that because of its relatively small size, his 
own study “can’t be regarded as definitive.” 

Collier is keeping an eye on genome- 
wide association studies, which are revolu- 
tionizing the genetics of complex disorders 
such as type 2 diabetes. One of the first 
whole-genome studies that included bipo- 
lar disorder. published last year by the 
U.K.’s Wellcome Trust Case Control 
sortium, did not find GRK3: 
find many other genes previous 
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Expanding. Psynomics expects its test to grow trom 
two genes to seven. Critics say few, if any, genes for 
bipolar disorder have been validated. 


the disease, says consortium member Col- 
lier. Although such scans are not designed 
to pick up every disease gene, some propo- 
nents of the whole-genome approach say 
their confidence in genes identified the 
old-fashioned way. in large sets of 
families, is declining. Psynomi 
data from the other side of the bridge. the 
had side.” says NHGRI's Collins, referring 
to family linkage studies that have been 
hard to replicate. 

Pablo Gejman, a psychiatric geneticist 
with Evanston Northwestern Healthcare and 
Northwestern University in Evanston, Illi- 
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nois, is leading a project that he hopes can 
confirm or reject initial schizophrenia gene 
discoveries: a genome-wide association 
study of 4500 people with this disease and 
4300 without. Results are due out later this 
year. (Kelsoe is leading a parallel study in 
bipolar disorder.) Gejman wonders if even 
larger trials—of 15,000 people, pethaps— 
will be necessary. This week, he published a 
paper in the American Journal of Psvchia- 
try, reporting that none of 14 previously 
described schizophrenia genes played a bi 
role in disease risk in nearly 3900 people, 
“My message,” siys the native Argentinean, 
would be that we need to be patient, [con- 
duct] systematic studies, collaborate, .. and 
{ry not to jam too rapidly the gun” by selling 
genetic tests before the data are solid. 


The doctors 
Kelsoe acknowledges that GRK3 may turn 
‘out to play a minor role in bipolar disorder, or 
even no role at all although he considers that 
unlikely. No independent group has pub- 
lished a second GRK3-bipolar disorder asso- 
ciation, but Kelsoe says he knows of two 
groups, in Israel and in Canada, that have 
found. link. Meanwhile, in the next 3 months 
Psynomics hopes to add five more genes to 
its test including four that Kelsoe discovered, 
and then ramp up marketing to physicians 
and patients. Of the five, three are thought 
to modulate response to lithium, a mood- 
stabilizing drug used to treat bipolar disorder; 
‘one. CACNG?, is considered indicative of 
bipolar risk and lithium response: and 
another, SP4, has been linked to both bipolar 
disorder and schizophrenia. 

In determining which genes are ready for 
commercialization, “we've cut kind of a low 
threshold, and that is replication in at least 
‘one independent study.” says Kelsoe—either 
by a different group or his own group exam- 
ining new samples. “Docs make decisions 
every day ona lot less information” than this. 

Gejman and Collins may shake their 
heads, but psychiatric gene tests are coming. 
Mark Brennan, founder of SureGene, a 
schizophrenia-based test company in 
Louisville, says such tests are “going to 
happen with or without” his own effort 
Brennan is SureGene’s chief scientific offi- 
cer and a human geneticist at the University 
of Louisville in Kentucky. His company is 
designing a risk predictor and diagnostic 
test around six schizophrenia genes that 
Brennan discovered. It's good for scientists 
to get into marketing, he angues, because 
“we have to step up and make sure it’s done 
ina way that really helps people.” 

Brennan has so far published informa- 
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Hoping for a Glimpse of What's Ahead 


It's one ofthe first questions people ask about testing for a gene associated 
With mental illness: Who would want to know the result? One ready volunteer 
for testing is Holly Finn, 13, who lives in Grand Rapids, Michigan, with her 
parents and her 16-year-old sister, Katherine. Holly's mother, Kristin Finn, 
was diagnosed with bipolar disorder 3 months before her 17th birthday. She 
says that Katherine began showing signs of depression and difficulty concen- 
trating in the fourth grade. Initially pegged as having attention deficit hyper- 
activity disorder (ADHD), Katherine received a bipolar diagnosis in July of 
2004, when she was 12. I's been a rocky road: Katherine has switched schools 
three times and suffered taunting from her peers, says her mother, an active 
‘member of the Depression and Bipolar Support Alliance in Chicago, Ilinois. 

"Now the younger Finn daughter, Holly, i being treated for ADHD and anx 
‘ety. Her symptoms are different from her sister's, and she is not thought to 
have bipolar disorder. But, Holly says, having witnessed her sister struggle for 
years, she would welcome testing for a bipolar gene. “I think | might have a 
chance of having bipolar disorder,” says Holy, who writes songs she plays on 
her guitar to cope with her sister's ups and downs. A test could help her “get 
to the bottom of” her symptoms, Holly says, or at least prod her and her psy 
ciatrist to keep an eye out for bipolar disorder down the road. “It certainly 
wouldn't hurt.” 

But hurt is exactly what many are afraid of. “Some people would say 
individuals have a right to this information and shouldn't be barred by the 
‘medical community from receiving it,” says psychiatrist Jinger Hoop of the 


tion on two of the genes, which are on 


trees, are many bipolar patients who have 


Medical College of Wisconsin in Milwaukee, who is studying how people 
with schizophrenia or at risk for it respond to genetic data. Her work has 
confirmed what others have seen: Consumers often react favorably to hypo- 
thetical genetic knowledge. “But we don’t know a lot about what the actual 
risks and benefits are” of receiving genetic results, Hoop notes, “We really 
heed empirical data to let us know how people would interpret very subtle 
changes in risk.” 

One of the few projects tackling this question is the Risk Evaluation and 
Education for Alzheimer’s Disease (REVEAL) study headquartered at Boston 
University School of Medicine. Neurologist and epidemiologist Robert 
Green and his colleagues here and at other centers are examining how 
‘nearly 700 volunteers with a family history of Alzheimer’s disease respond 
to learning whether they carry a deleterious version of the APOE gene. A 
single copy raises Alzheimer's risk roughly three times, and two copies raise 
risk 12 to 15 times. “The bottom line is that people do want this informa: 
tion, and they seem to self-select for people who can handle it,” says Green. 
Those “who felt that they couldn't handle such information generally didn’t 
follow through and obtain” their test results, 

REVEAL has examined the role of genetic counseling; whether individuals 
‘with the hazardous form, called APOE e4, ate more likely to buy long-term 
«are insurance—they are—and more broadly, what they take away {rom 
‘knowing their APOE e4 status, especially given that there is no way to stall the 
onset of Alzheimer’s, 

One concern, notes Hoop, is that the REVEAL study has found that con- 
ssumers tend to recall not their numerical risk of disease but whether they 


paying up to $750 and providing a physician's 


chromosome 22; SureGene is working 
with outside scientists to replicate the 
results. The company declines to name 
them all. But one who agreed to be identi- 
fied is Herbert Meltzer, a longtime schizo~ 
phrenia specialist at Vanderbilt University 
in Nashville, Tennessee, Meltzer, who is 
on SureGene’s advisory board and says he 
has received company stock, is enthusias~ 
tic. “If we proceed 
and it doesn’t look 
as promising to me 


been misdiagnosed and erroneously put 
on antidepressants alone, which can exac- 
cerbate their disease. 

“Doctorsare operating in constant uncer- 
* he says, struggling to find the right 
diagnosis, the proper recipe of medications. 
“Not to get snooty about it—it's fine to sit in 
your ivory tower and say, ‘We don't want to 
offer this until is perfect.” Meanwhile, that 


Players in the Psychiatric Gene-Testing Business 


name, Soon afer, small blue and white plas- 
tic container arrives in the mai, The eapsule 
preserves a saliva sample, which the con- 
sumer ships to a certified UCSD lab for 
genetic testing, with DNA results going back 
to the company. Results also go to the desiz- 
nated physician but not tothe consumer, 
The process is meant to control who 
takes the test: Kelsoe has rejected risk test- 
ing for individuals 
who have no symp- 
toms but are curious, 


as it ooks rizht now, Company Test available Disease Type of test Number of genes Fora healthy perso 
Torkeep iv ofthe Newark mi-2008 Major depesion pe ae 4 peaiituten fea 
“icirchnting ane Bipolar disorder Piagnesisand response ae than god expeily 
the SureGiene test— ——— r because data from 
sac tres see ez) seme Sage ¢ a 


from now—Brennan 
‘wats the genes repli- 
cated “in at least several hundred samples 
from different centers.” That's far fewer than 
the thousands Gejman argues are necessary. 
Even if the genetic associations he 
and Brennan have found are small clues, 
Kelsoe believes that they can still help. 
One reason for pushing forward, he says. 
is that patients need information now. 
Among the veterans he sees at the local 
VA hospital, a short walk from his UCSD 
office down paths lined by eucalyptus 
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doctor's down there trying to work with 
whatever he’s got.” 


The market 

Psynomics is not relying much on doctors, 
however, to help it reach its goal of selling 
1800 tests in 2008 and 30,000 in the next 
5 years. “This is going to initially be driven by 
the patients.” says Kelsoe, who believes that 
doctors are wary of a psychiatric gene test. 
Psynomics allows anyone to order its test by 


so, Kelsoe admits 

that there are ways to 
get around Psynomics’s procedures. A bipo- 
lar patient, for example, could send in her 
child's saliva sample and claim it’s her own, 
In the end. predicts May, the market will 
demand risk testing, and “the market is 


going to win. 
Business has already won out in another 
facet ofthe Psynomics test: how the consumer 


Il be advised of the results. Kelsoe says he 
tially wanted the company to provide 


| 
| 


individual counseling for clients. After about & 
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harbor the “bad” gene. This is a 
concern in testing for bipolar 
disorder or any psychiatric ill 
ness: People may think that car 
rying the gene means that they 
have or will develop the disease. 
Making this mistake could, 
‘among other things, induce 
stress, which can exacerbate psy: 
chiatric disorders. 

How much of a boost in risk is 
meaningful to consumers? The 
bipolar test from the company 
Psynomics in San Diego, Califor 
nia, currently includes the gene 
GRK3, which the company says 
increases risk two to three times. 


Li 


In someone of average risk, that’s a shift rom 1% to 2% or 3%. For an 
individual with a bipolar parent or sibling, whose baseline risk is about 
10%, the increase may be more meaningful—but only if the gene com: 


pounds family predisposition. 


Another concer is how having such information will alter a person’s life. 
“Tome, the question isnot really the risk relationship” 
ase, says Wylie Burke, a geneticist and bioethicist atthe University of Washing 
ton, Seatle, “It's what are you going to do differently with that information?” 


years, he came to see that this was “no longer 
ssiry OF practical.” Interpreting and coun- 
seling on test results will be up to doctors, who 
receive a six-page summary noting that“ 
itive GRK3 test... makes a diagnosis o 
lar Disorder 2-3 times more likely” for individe 
uals with symptoms and a family history 

This is not much help, some say. “I'm in 
the bipolar disorder genetics field, and 1 
‘wouldn't know how to interpret the results of 
4 bipolar genetic test.” says James Potash, 
director of mood disorders research at Johns, 
Hopkins University in Baltimore, Maryland, 
Potash, who knows Kelsoe and calls him a 
“very capabl ys that 


very solid gu 


offering a test now is premature and tha 
doctors cannot be counted on to devode it 


adoxically, interpreting the results of 
Paynomics's testis likely to grow knottier as 
the test is refined and more genes are 
included. Interactions among genes are 
poorly understood, and many psychiatric 
disease genes may predispose a person to 
more than one psychiatric disease. Indeed, 
even though SureGene has positioned itself 
in schizophrenia, Brennan notes that its test 
may be more instructive about psychosis 
risk generally. Psynomics’s CEO May 
frames this as an opportunity: “We would 
like to establish that as a brand, this is the 

& destination for information, for diagnostics. 

2 for therapeutics” in psychiatric illness. 

—& Another company. NeuroMark in Boul- 

5 der, Colorado, has similar ideas. NeuroMark 
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otherine eft) have bipota 


NEWSFOCUS L 


Holly is already contemplating 
this question. As she grows up and 
considers having a child of her 
‘own, she says, she could imagine 
testing her son or daughter at 
about age 2 for genes associated 
with the disorder so as to be ready 
to spot tif it surfaces. 

Currently, testing of children 
without symptoms is not avail: 
able, nor is prenatal testing, 
Physicians focus instead on sta 
bilizing a woman's bipolar disor 
der while pregnant—something 
that Kristin Finn discussed in her 
2007 book, Bipolar and Preg 

‘nant. But even the skeptics agree 


gene 


that validated genes for schizophrenia, bipolar disorder, and other psychi 
atric diseases are likely to emerge soon. "Biotech companies are going to 
do what they're going to do within the limits of the law,” says Kay Jamison, 


4 psychologist at Johns Hopkins University School of Medicine in Balt 


between genes and dis 


is designing a pharmacogenetic test for suici- 
dality risk from antidepressants a side effect 
for 2% to 6% of those taking the drugs. The 
ompany hopes to launch its test, focused on 
‘one antidepressant, Celexa, later this year. 
before extending it to related drugs and deve 
‘oping bipolar and schizophrenia risk tests as 
well. Then there are broader gene testing 
companies such as 23, in Mountain 
View. California, which offer information on 
SNPS behind a host of diseases. Although 
23andMe could test for SNPs in depression 
and other psychiatric illnesses, it would need 
permission from companies like Psynomics 
and SureGene to sell information on the 
SNPS those companies have licensed. 

Despite being firstin the psychiatric space, 
Psynomics is very much a work in progress. 
Only about a dozen people have taken the test 
so far. The company hasn't determined how it 
\ill follow its clients. though May says itis 
sending them a satisfaction questionnaire. 
Meanvhile, Psynomics is hunting for venture 
capital to tide it over until test sales ramp up. 

One critical but unsettled factor is 
whether Congress will pass the Genetic 
Information Nondiscrimination Act, which 
would protect individuals against discrimi- 
nation by insurance companies and employ 


ers based on genetic information. Biotech 
companies and researchers have lobbied for 


more, Maryland, who has written extensively about her personal battle 
with bipolar disorder and who generally supports making gene tests avail 
able. It may take years before it's clear what that means for people with 
psychiatric illnesses and their families. 


c. 


ing that offered by Psynomics, regulation 
consists of lab certification but no assess- 
ment of the science behind the test. 

“This is a different kind of information” 
than has been provided in the past, says 
Boston University neurologist and epidemiol 
‘gist Robert Green, who studies Alzheim 
genetics and early detection. “It’s not always 
‘clear what it's telling us. 

ene testing could be done prenatally, 
for example, to check for bipolar risk in the 
fetus. Kelsoe shudders at the thought, espe- 
cially because bipolar genes are unlikely to 
guarantee disease: “I think this is very dan- 
gerous, scary, eugenics-type stuff, and I 
don’t want to get anywhere near i,” he says, 
Kelsoe says his company would refuse to 


honor such a request. But if the question 
‘comes up in the future, the decision may not 
be his to make. 

In Kelsoe’s UCSD office, decorated with 
his children’s art, a small scrap of paper is 
taped to his computer. In black ink is 
scrawled a quote from Virgil: “Fortune 
Favors the BOLD!” Despite that encourage- 
ment, “its a litle scary.” he says over lunch, 
T've spent my whole career trying ... to gain 
people's respect that I’m responsibl 
cautious. So the concern is, are they 
think this is irresponsible, am I goit 
credibility because of it?” But then Kelsoe 
Jeans in, a wicked grin on his face. 


it for years, but it hasn't been approved. 
nother uncertainty is how gene tests will times.” he says ina low voice, “it’s fun to stir 
be regulated. For many genetic tests, includ- things up. JENNIFER COUZIN 
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Seeking the Roots of Ritual 


In the hills of Turkey, researchers are stowly uncovering the world’s oldest monumental 
structures, strange monoliths built by hunter-gatherers perhaps 11,000 years ago 


half an how 

rived at his hilltop dig site her 
half-dozen workers from a nearby vi 
were already waiting for him. It was the 
end of the dig season, and the enthusias 
tic, white-haired German was there for 
one last look. He picked his way down 
steep exeavation layers toward a massive, 
‘T-shaped slab of rock rising 3 meters out 
of the ground. 

The gentle light of dawn illuminated 
more T-shaped limestone megaliths and 
then still more, arranged in cireles and 
ovals down the hillside. Some were carved 
with stylized arms; on others, a carved 
menagerie of snakes, spiders, boars, foxes. 
birds, and other beasts crawled and soared. 

Schmidt, of the German Archaeological 
Institute (DAI) in Berlin, claims that these 
are the world’s oldest monumental struc- 
tures, which he has painstakingly uncov- 
ered since 1995 (see sidebar, p. 280). 
Radiocarbon dating and stone tool compar- 
isons indicate that they are 11,000 years 
old. So these great stone circles were 
erected before metalworking, before pot- 
tery, before the domestication of animals, 
even before most signs of agricultur 

Although people began pain 
caves thousands of years earlier, Gébekli 
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Sacred circle. Carved central slabs are 
surrounded by massive monoliths nearly 
5 meters tal. 


ticated wheats are from this region, 
can make a good case this area is the re 
origin of complex Neolithic societies.” 

IfGobekli Tepe is truly 11,000 years old, 
it also challenges the idea that symbolism 
and agriculture were first developed in the 
Levant—the area that includes modern Jor- 
dan, Israel, and Syria—and spread north 
“The idea that the origins of monumental 
architecture were in the south has been 
turned on its head” says archaeologist Gary 
Rollefson of Whitman College in Walla 
Walla, Washington, and an editor of the 
journal Neolithics. “What Klaus is picking 
out there now is far earlier than anyone 
expected, That's all back on the drawing 
board now." 


A hunter-gatherer’s paradise 
Goekli Tepe means “navel hill” in Turki 
and at 780 meters high, it seems @ natu 
gathering spot, the highest point for kilo- 
meters. The site was first examined—and 
dismissed—in the 1960s by University of 
Chicago anthropologist Peter Benedict, 
who assumed that the flints and broken 
slabs of limestone littering the area 
the remnants of an abandoned medieval or 
Byzantine cemeter 
chmidt first visited the hilltop in 1994, 
after a local farmer had run his plow into a 
rectangular piece of limestone, Schmidt 
found not a gravestone but the top of a 
large, buried pillar, and he quickly recog- 
nized that the scattered flint 
tools on the surface resembled 
those from nearby sites that pre- 
date pottery. As he began di 
ging, the mystery grew, He 
uncovered one huge, elaborate! 
carved ritual structure aft 


Tepe, in southeastern Turkey, “is the first 
manmade holy place,” says Schmidt. He 
and others say that the site upends tradi- 
tional notions about the development of 
symbolism, Archaeologists once hypothe- 
sized that agriculture gave early people the 
time and food surpluses that they needed to 
build monuments and develop a rich sym- 


let e-Anmar another, but no houses or signs 
of settlement. The people who 
built the monuments apparently 
cyprus SYRIA backfilled them thousands of 


years ago, and the bones that 
turned up in the loose fill were 
all from either humans or wild § 
animals, not from domesticated animals, 
So just how old are the monument 
Because most of the bones found are from 
5 
8 


LEBANON: 


bolic vocabulary. But Gobekli Tepe raises 
the alternative possibility that the need to 
feed large groups who gathered to build or 
Worship at the huge structures spurred the 
first steps toward agriculture. “This shows 
sociocultural changes come first: agricul- 
ture comes later.” says archaeologist Lan 
Hodder of Stanford University in Palo Alto, 
California, who notes that the first domes- 


backfill, dating them yields muddled 
results, and Schmidt has fewer than two 
dozen direct radiocarbon dates. Instead, he 
chiefly relies on comparing the stone tools 
and other artifacts with those from 
with more radiocarbon dates. This rel 
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dating puts the early layers at Gabekli Tepe 
in the beginning of a distinctive period 
called the Pre-Pottery Neolithic B, dated 
elsewhere to about 11,000 years ag 
Although the dates aren’t precise, the arti- 
fact comparisons are convincing, and a few 
hundred years of fudge time “don’t really 
matter.” says Harvard University archacolo- 
xxist Ofer Bar-Yoser. 
Although the site may predate system- 
atic agriculture, the people who carved 


11,000 years ago this place teemed with 
gazelle, aurochs, and deer. Groves of fruit 
and nut trees lined the rivers, and flocks of 
migrating birds paused here regularly. “It 
must have looked like a paradise, ideal for 
hunter-gatherers,” says Angela von den 
Driesch, an emeritus archaeazoology pro- 
fi Ludwig Maximilian University in 
Munich, Germany, who has el 
mal remains at the site, The region was so 
rich that people could have settled down 
\hile still supporting themselves with hunt- 
ing and gathering: archaeologists have 
found such villages within 160 kilometers 
of the site 

Von den Driesch is one of a number of 
archaeologists, plus a revolving cast of 
‘eager German students and about 60 local 
Workers, who exeavate the site for4 months 
‘each year, They drive tothe site before dawn, 
to dig, returning in the afternoon to a tradi- 
tional, high-walled compound Schmidt 
‘owns in the middle of Urfa’s old city, One 
day last fall a dozen students quietly sorted 
and weighed bone fragments and artifacts in 
the compound’s courtyard as the afternoon 
cooled into evening. I's a surprisingly 
unpretentious operation, given the impos- 

ing nature of the site and the roughly 
fsaoo in funding Schmidt receives each 

year from DAT and the German Research 
i Foundation 
i 


Clearing a space at a Long table, Schmidt 
pulled out a mottled, purple schematic of the 
a sort of bird's-eye x-ray put together 
i after a ground-penetrating radar sean in 
2003. The excavated portion—3500 square 
E meters, just 5% of the 9-hectare site’s total 
was represented by a white square. All 
around it, the sean revealed oval groups of 
buried monoliths dotting the hillside like 
dark-purple bomb craters 
chmidt says there are at Least 20 
2 monial structures still underneath the soil. 
8 and perhaps more. “It's much more complex 
E and advanced than we thought.” he say 
8 “Clearly, they could communicate with each 
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other and organize something really compli- 
cated. I didn’t expect hunter-gatherers could 
‘or would build something like this.” 
The most spectacular ritual space, which 
ompasses features seen at the others. is 


nestled in the dig’s western corner. Two 


meter-tall, T-shaped pillars stand in the 
enter of a circle of slightly smaller slabs, 
each weighing an estimated 5 10 7 tons. Par- 
allel lines carved into the slabs’ sides slant 
back ina V and meet at the narrow front 
edge like clasped hands, suggesting a styl- 
ized person. The two central stones face the 
valley, and the surrounding pillars face 


Peering into the past. Klaus Schmidt (top) uncovered pillars 
carved with frightening beasts like this tion. 
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inward toward the center of the circle. In 
sharp contrast to the stylized human shapes, 
the sides of the slabs are carved with images 
of animals: complex arrangements of spi- 
ders and snakes, foxes and wild boars, vul- 
tures and cranes, 

There’s no way to know for sure what 
these figures meant, but there are some 
clues. Schmidt says the lack of female sym- 
bology largely rules out fertility rituals. And 
the contrast between the designs carved on 
the pillars and bones that litter the backfill 
seems meaningful. The backfill yields 
gavelle, aurochs, red deer, boar, goats, sheep, 

all wild—plus a dozen 
ent bird species, including 
vultures, ducks, and geese. Yet 
the pillar carvings are dominated 
not by prey but by more danget- 
‘ous creatures: leopards, lions, 
foxes, and vultures, plus spiders, 
snakes, and scorpions, "The 
symbology is domin 
nasty animals.” says St 
Hodder, “It's a scary, 
world of nasty-looking beasts’ 


oxen 
diffe 


The cathedral on the hill 
‘So what was this place 
is adamant about what i 
although not everyone agrees 
with him. Despite the site's size, 
and the contemporary villages 
not far away, Schmidt insists this 
was no settlement, He's con- 
vinced that the circles were 
designed to be open to the sky, 
like Stonehenge, Telltale signs 
of settlement—such as hearths, 
trash pits, and small fertility fig- 
urines—are conspicuously 
absent, And the hilltop is a long 
hike from any water sources, 
We know what settlements 
from these times look like,” 
Schmidt says. “This isn’t one of 
them.” Instead, Schmidt argues 
that hunter-gatherers from 
ross the region gathered here 
periodically, pooled their 
resources temporarily to build 


the monuments for some ritual 


and then lef 
Rollefson and others see that 
unlikely, arguing that the seale 
of the site would have required at 
Jeast a small group of year-round 
residents, “To have this kind of 
magnet out in the middle of 
nowhere would be unprece- 


purpos 
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dust Don't Call It the Garden of Eden 


URFA, TURKEY—From his one-man booth at the Urfa bus station, tourist offi 
cial Serdar Avci spends his days handing out maps to the sights around this 
Turkish city. To his dismay, one destination is conspicuously missing from the 
tourist quides: Gabekli Tepe. “People want to come here to see these temples, 
but Klaus Schmidt is digging so slow!” Avci says. “How many years do we have 
to wait to go inside? This is a big problem, think.” 

Everyone in this city of almost a million people seems to know Schmit’s 
name and have an opinion about his work excavating the world’s first mon. 
Uumental architecture (see main text). Schmidt's progress is charted by reg: 
ular reports in the local papers, and a 2006 cover story in the German 
weekly Der Spiegel speculated that the site might be linked to the biblical 
Garden of Eden. Much to Schmidt's dismay, Turkish papers picked up the 
story, and the ensuing debate about whether the site was the birthplace of 
‘Adam—considered a Muslim prophet—brielly threatened to derail further 
‘excavation on religious grounds, 

Schmidt has been assigned a full-time monitor from the Turkish Ministry of 
Culture and Tourism in Ankara to make sure he sticks to. preapproved dig plan. 


dented. There would have to be so much 
\work to carve these pillars.” he says. Indeed, 
Schmidt says molding and carving a single 
pillar would have taken months. 

Some say it's just a matter of time before 
evidence of settlement shows up. “They 
haven't found much human habitation, but 
they will.” predicts Bar-Yosef. "It’s impossi- 
ble to have such a large site without people 
there to take care of it” Schmidt acknowl 
‘edyes there must have been a few people- 
“personnel.” he says—but insists the site 
was exclusively a ritual destination rather 
than a settlement, which would make it 
unique for this period. 

And researchers agree that Gobekli 
Tepe was a convergence point, “Certainly 
it was a major focus for regional celebra- 
tions or ritual activity.” says Rollefson 
There are hints of a regional culture: The 
symbols found at Gabekli Tepe 
are echoed at similarly aged vil- 
ages hundreds of kilometers to 
the south in Syria, such as one 
called Jerf el-Ahmar, and at 
slightly younger sites closer to 
hand in Anatolia, such as Nevali 
Gori. But Gobekli Tepe is 
clearly the grandest site and the 
oldest of such magnitude. 
“Gabekli Tepe’s really the only 
one with that megatemple 
approach,” says Rollefson 
“After it was built, quite a few 
sites with the same architecture 
and iconography and style 
appeared.” Schmidt agrees: 
“Here we have the religious 
center for settlements at least 
50 kilometers away.” he says, 


cathedral on a hill.” 


den 


hunter-gathe 
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“Those were village churches: this is the 


‘Schmidt argues that the sit 
and the lack of domesticated ani 
plant remains is strong circumstan 
that symbolism and religion led to 
agriculture and domestica 
other way around. “Developing from 
‘ers to farmers happened 
here and spread south,” Schmidt sa 

Not just architecture and m 
architecture, but turning wild animals 
into domestic livestock happened here. 
This is the starting point for a whole front 
of innovation.” Indes 
to a number of domestication 
irst domesticated wheat, 
jerged only 30 kilometers away 
at Nevali Cori about 500 years after the 
Gdbekli monuments were built, “Its re 


‘Navel hill. Thousands of years of ritual building and backfill 
Created a high point in the Turkish landscape. 


submitted months in advance. Colleagues say the notoriety has made it dif 
cult for him to run the small, controlled dig he'd like, “He's always under pres 
sure from the Turkish government,” says colleague Gary Rollefson of Whitman 
College in Walla Walla, Washington. “He's whipsawed back and forth. If he 
digs too fast, he's accused of not paying attention to detail. Too slow, and 
there's pressure for him to get something for tourists to see 

‘As the site's fame spreads beyond Urfa, tourism may become Schmidt's 
biggest concem. Together with Turkish authorities, he's developing plans fora 
tourist center that would house replicas ofthe site's striking Tshaped pillars 
‘and spectacular carvings, to take pressure off the excavators and bring money 
to the impoverished village nearby. Construction may begin next year. 

But with funding hard to come by, a finished facility is years away. In the 
‘meantime, tourists find their way to the dig even without Avci's helpful direc 
tions—about a busload of them every other day, One day this fal, 11 buses 
full of German retirees rolled up in a cloud of dust. Schmidt assigns a student 
to show visitors around or sometimes does guide duty himselt. ‘As archaeolo: 
‘ists, we're not used to attention like that,” says Julia Wagner, an excavator 
‘and student atthe Free University of Berlin, “Working atthe site every day, you 
forget a litle how important itis.” AC. 


importance is tl ily and large and 
symbolic a long time before agriculture,” 
says Hodder of the site. 

But there are claims of domesticated rye 
in Syria as far back as 13,000 years ago, And 
many researchers think people planted wild 
crops for a long period before actual domes 
ticated varieties appear (Science, 29 June 
2007, p. 1830). Bar-Yosef notes that there's 
‘ho evidence to rule out farming in this area 
at this time, complicating the vision of a 
hunter-gatherer paradise. “There's no reason 
to assume the builders were simple hunter- 
gatherers,” he says. “People ean be planting 
wild foods.” 

Bar-Yosef is also eager to have more 
context about the larger society that pro- 
duced the site, How big did the tribe need to 
be to support such an intense process? “And 
ina simple American way.” he asks, “who 
paid for tall?" 

Schmidt, mindful that future 
archacologists may develop bet- 
ter techniques, refuses to be 
rushed. At 53, he’s got 12 more 
years of digging until he retires, 
land he envisions the site's exca- 
vations lasting another half 
ntury. Mindful of archacol- 
“s destructive nature, he's 


antiquity 
val and 
jal evi- 


the 


n,n 


numental 


on is home 
sts,” 


I ther 


og 
refully leaving something for 
future excavators. “The idea is 
not to excavate the entire settle- 
ment. The idea is to excavate as 
little as possible.” he says. “We 
just have to have enough to be 
sure we understand what was 
really going on atthe site”” 
ANDREW CURRY 
Andrew Cury isa wie based in Bern 
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Conservation with Sense 


WITH HABITAT LOSS AND DEGRADATION OCCURRING AT AN UNPRECE: 
dented rate, the protection of imperiled ecosystems has become a pri- 
ty in conservation efforts (/). Amidst the urgency to conserve 
Wildlife, we propose a word of caution: Relying on the human percep- 
I worlds 


tual world, instead of the sometimes very different percept 

of animals, may compromise conservation endeavors, 
Humans have traditionally relied on anthrop 

stand the animals’ 


mnie senses to under= 


“world.” In fact, 
our perceptual fields differ pro- 


that rely on vision (8-10), sound (2), or olfaction (11). Sensory sys- 
tems that influence habitat choice and behavior of nocturnal and ere- 


puscular animals require further exploration, For example 


i previe 
‘ous assumptions that nocturnal animals lacked color vision (/2) and 
camouflage colorations (/3) have been proven wrong. 

The adoption of conservation informed by sensory ecology is 


clearly needed to decipher optimal habitats and to mitigate the effects, 
of habitat alterations. This approach is vital not only to conservation, 
but also to behavioral ecolog nd forestry, 
[MATTHEW L. M. LIM,S NAVJOTSS, SODHI,? JOHN A. ENDLER? 
‘Department of Biological Sciences, National University of Singapore, 117543, Singapore, 
Animal Behaviour Research Group, School of Psychology, Washington Singer Labs, 


A different view. Less familiar sen- 
sory systems, such as polarization 
vision in the dragonlly (Rhadothemis 
sp.) should be taken into account in 
conservation efforts an 


insta 


foundly from most animals, Many 
animals possess unique sensory 
systems [such as echolo 
electroreception (3). ma; 
ception (4), 
(5)] oF fam 


way that human-driven habitat 
degradation affects animals, For 9, 
ice, changes in ambient light 
and microk 
tion or other habitat disturbance 42, 
fect the beh 


on (2), References 


id thermoreception — 2, 


iar senses with ui 


bitat from defore: 


(2006), 


jor ofanimals 3. 
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Scientific Meetings: 
Worth Attending 


AS AN OCEAN SCIENTIST CONCERNED ABOUT 
‘ocean acidification and other environmental 
impacts from carbon e 
ested to read B, Lester's News Focus story 
“Greening the meeting” (5 October 2007, 
p. 36) for ideas on how scientists can reduce 
the carbon footprint of our professional activ- 
ities. I thought his aim was off-target, how- 
ever, when he set his sights on the Fall 
Meeting of the American Geophysical Union 
(AGU). This isthe one time of the year thatan 


sions, I was inter- 


international group of scientists from all 


fields relevant to climate science share their 


as-yet-unpublished results, Furthermore, the 
Fall AGU Meeting saves carbon dioxide. time 
and money by elimin 
100 other separate gatherings (agency town 
halls, commit s.and workshops) 
In addition, more than 70 AGU committ 
stake place at the Fall Meeting, and it 
isanimportant venue for communicating with 
the press. including reporters from Science! 
Indeed. we all need to look for ways to reduce 
‘our carbon emissions, but there are other ways 
to do it that don’t sacrifice the unique contri- 
bution we can make to solving the problem as 
onal scientists. 


jing the need for over 


profes 
MARCIA MCNUTT 


Monterey Bay Aquarium Research Institute, Moss Landing, 
(A 95039-0628, USA. 
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Scientific Meetings: 
Call In Instead 


B. LESTER'S NEWS FOCUS STORY (5 OCTOBER 
2007. p. 36) highlights one major plague 
affectin, 
many meetings in fara 
especially ironic that 
munity, who are so familiar with modem com 
munication tools, have failed to take full 


nce: There are far too 
upscale pla 
n the se 


s. Ibis 


‘nce com- 


advantage of this technology. 

For nearly a decade, when invited to give 
a lecture, I have excused myself from inter- 
national travel (even with all expenses and 
honorarium paid!). Instead, I provide my lec 
ture in PowerPoint with voice and take live 


18 JANUARY 2008 


281 


282 


AAAS Travels 


Pome explore the world 
with AAAS this year. You will 
discover excellent itineraries 
and leaders, and congenial 
groups of likeminded travelers 
Who shire a love of learning 


Aegean Odyssey 


May 14-28, 2008, 
With optional Istanbul 
Extension to May 31 
Exp aclassicadventure with 
Dr. Ken Sheedy. Explore Mhens, 
Delphi, Delos, Santorini & Knossos. 
$3,895 * 2for-tairirom JFK ext 


Wild & = 
Prehistoric 


Explore prehistoric sites in Haute 

Provence, the Massif Central, andl 

the Dordogne. See spectacular gorge 
and ima 


country, remote villa 
‘of great cave pai 
83 


‘Tibet Eclipse 
July 17-August 3, 2008 
enter of the 


‘vem 
Ganden Monastery. Explor 
high plateau and Nameo Lake, and 
the cradle of Tibetan civilization. Take 
the train to Lanzhou. Fly to see the 
Total Solar Eelipse., $4,495 © air, 


Xinjiang & Hunza 
September 7-24, 2008 
This fall explore the thern S 
Road, ineluding the oasis ¢ 
Urumgi and Kashgar in north 
China, Visit the Hunza Valley of fa 


hy peaks ofthe 


Karakorum range, 


8 


Backroads China 
‘October 3-19, 2008 
With FREE Angkor Wat Ext. [cair) 
Join our guide David Huang, and 
discover the delights of South 
western China xing 18,000- 
foot Himalayan peaks, the most 
culturally rich area 

air * ext 


Gall for trip brochures & 
the Expedition Calendar 


(800) 252-4910 


AAASTiavels 


17050 Montebello Road 
Cupertino, California 95014 


Email: AUSinfodbetchartexpeditions.com 
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‘questions on a telephone (from Singapore or 
India or Europe). It works extremely well, and 
the hosts love it. They save alot of money and 
get to keep the CD, copy it, and pass it around 
all the local universities. I keep the carbon 
credits and the time. 
await a position paper from AAAS on 
this subject! 
RUSTUM ROY 


The Pennsylvania State University, University Park, PA 
116802, USA. 


Putting a Human Face on 
Energy Usage 


IN THE NEWS FOCUS STORY, “GREENING THE 
meeting” (S October 2007. p. 36), B. Li 
compares the fossil fuel energy required to 
transport scientists to and from a conference 
by airplane to the energy used by “2250 
Honda Civies during a year’s worth of normal 
driving” Another way to put a human face on 
fossil ene! is to think in terms of 
(VPS). 
ts 100 watts of average 
sil energy usage, which corresponds 
to the nominal dietary energy of one healthy 
person: 2000 calories per day (96.9 watt). 
Dividing the world average energy use rate of 
~13-trilion watts by 6.5-billion humans gives 
2000 waits per person, or 20 VPs. This means 
that, on average. each living person is, from an 
energy point of view, equivalent to 20 peopl. 
Of course, enengy usage is not distributed 
evenly. For the United States, the ratio of 
energy use to population works out to ~115 
VPs per person. It is as if each American has 
the physical power of 115 people. Each 
European has about half the VPs of each 
American. If you subtract Americans and 
Europeans and their energy usage from the 
world total, each of the remaining human 
beings has only ~13 VPs. on avera 
The 115 VPs of each American are used 
for heating and cooling, cooking, personal 
transport, food production and delivery, light- 
ing. and computers. Averaged overa year, one 
round-trip flight from Washington, DC, to 


Letters to the Editor 


London works out to ~4 VPs [assuming 70 
passenger-miles per gallon]. Domestic utility 
usage in a 2000-square-foot house (without 
air conditioning) in Chevy Chase, Maryland, 
comes to 60 VPs, shared among those who 
live there. A 100-watt computer that operates 
year round is about 3.5 VPs (the “energy rate” 
oof the fuel burned to generate and deliver 100 
watts of electric power is about 350 watts), A 
20-mpy SUV that goes 10,000 miles ina year 


ROBERT BURRUSS 
6726 Fairfax Road, Chewy Chase, MD 20835, USK. 


Fair Game for Chimpanzees 


RECENTLY, JENSEN ET AL. ("CHIMPANZEES ARE 
rational maximizers in an ultimatum gan 
Reports, 5 October 2007, p. 107) contributed 
tothe debate on the origins of cooperation and 
fairness by reporting that in a modified ver- 
sion of the ultimatum game, chimpanzees fail 
to act fairly. In the ultimatum game, the 
human responder refuses to play if the pro- 
poser offers too small a share. Generally, the 
proposer takes this into account by making 
fair offers. Given that the responder chim- 
panzees willingly accept all types of offers 
(even those that a typical human player would 
deem unfair), we suggest that the chimpanzee 
proposers have no motivation to play fairly 
instead of acting as rational maximizers. 
Picture yourself in the position of a captive 
chimpanzee with a history of little control over 
the availability of food in terms of timing, 
quality, and quantity. Why, when paired with a 
group member in the ultimatum ame, should 
You expect that refusing an inequitable offer 
influences the outcome of later trials? Only by 
repeated experience could you learn this, But 
the chimpanzees tested by Jensen etal. appar- 
cenily suffer from a sense of powerlessness, as 
they accepted all offers, ineluding zero food 
over 33% of the time. Nov, picture yourself in 
the position of a proposer chimpanzee facing a 
responder that accepts your offer regardless of 
how uneven it is. Why should you not be 
ureedy, or learn to be so? We argue that being 
greedy is a likely consequence of interacting 
with a compliant partner: The two attitudes 
feed off each other. In short, do the results 
ly inform us about chimpanzees" sense of 
fairness, given such compliant partners? 
Regarding the recent rise of articles con- 
cerning fairness and inequity aversion in non- 
human primates (/—4), we note that there is 
another explanation for why chimpanzees 
should not consider themselves as equals that 
deserve fairness. Valuing faimess to others isa 
rather recent human moral principle, at least in 
Westem cultures, grounded in the theoretical 
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stance—expressed by French Enlightenment 
Philosophers—that people are equal 

ELISABETTA VISALBERGHI AND 

JAMES ANDERSON? 


sttuto di Scienze Tecnologie delta Cogniione, Consiglio 
Narionale delle Ricerche, 00197 Rome, Italy. Department 
of Psychology, Univesity of Sting, Stirling FR9 ALA 
Scotland, 
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Response 
E, VISALBERGHI AND J. ANDERSON THINK THAT 
it is unreasonable to expect chimpanzee pro- 
posers to be fair given their captive 
ment, as in our Report (5 October 2007, p. 
107), We feel that this argument is backward. 
Proposers, including human proposers, are 


expected to try to maximize persoi 
In the dictator game. in which the responder 
is powerless (/, 2), humans make selfish 
offers, but in the ultimatum game, the threat 
on by the responder drives the pro- 


(J, 3). The imeresting subject, therefore, is 
the responder. According to standard economic 
models of utility maximization, responder 
rejection of any nonzero offer is not rational 
because he must forfeit gains to lower those 
of the proposer. The interesting question then 
is not to “picture yourself in the position of a 
* but to ask why the 


proposer chimpanze: 
responder chimpanze 
to receiving less than the proposer—a ques- 
tion that is not easily answered through an 
appeal to captive conditions 

Our captive chimpanzees do not exhibit 
“learned helplessness” in feeding contexts. For 
instance, they show a respect for possession (4) 
when feeding in the group, and they ret 
inst others who steal their food (5). Learned 
belplessness is therefore unlikely to account for 


should be insensitive 


acceptance of any food offers. If responders 
do learn to reject low unfair offers through 
repeated testing, as Visalberghi and Anderson 
sugges, this finding would not provide a mea 


ure of social preferences, Such a result would 
suggest instrumental learning. 
pl 
repeated inter 


i.e. leamingto 


ictions—in a testing situation, 


found no change in proposer offers or respon- 
der rejections across the course of our study 
Sill, the point of repeated games and reviproc: 
ity bears testing, particularly with other chim- 
panzee populations and more species. 
Concerning the second point on fairness 
and inequity aversion, Visalberghi and Anderson 
conflate equality with fairness, Norms of 
dictate equallity. 
Cross-cultural studies [e.g., (6)] suggest that 
although faimess norms are culturally uni- 
versal, the absolute values for w 
fairness differ widely, Chimpanzees in our 
study could thus have shown faimess without 


fairness do not always 


constitutes, 


relying on any sense of equality 
(KEITH JENSEN, JOSEP CALL, MICHAELTOMASELLO 


Max Planck institute for Evolutionary Anthropology, 
1-04203 Leipig, Germary. 
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ECONOMICS AND CLIMATE CHANGE 


Act Now (But How?) 


William F, Ruddiman 


science adviser to the U.K. govern- 
A ment foresees the Antarctic as the 

only habitable continent by century's 
end, Taking a north-polar View, a prominent 
environmental scientist suggests that all of 
humanity will be reduced to a few Are 
breeding pairs. A well-known environmental 
spokesperson wams that future sea-level rise 
will drown much of creation. In Cool It (/), 
Bjom Lomborg takes aim at this kind of over- 
heated rhetoric on global warming. 

Lomborg (an adjunct professor at the 
Copenhagen Business School) also cites pub= 
lished studies that rebut the one-sided treat- 
ment of future climatic impacts on humans by 
some environmentalists and media sources, 
He argues that inereased economic damage by 
hurricanes and floods will primarily result 
from unwise placement of valuable structures 
along coastlines and in floodplains, rather than 
from changes in hurricane or flood intensity. 
He sees the potential effects of spreading trop~ 
ical diseases negated by improved disease con- 
trol in increasingly wealthy nations. He pre- 
dicts that more lives will be saved from 
reduced cardiovascular deaths during milder 
Winters than will be lost to increased resp 
tory deaths during hotter summers, 

Despite leveling such criticisms, Lomborg 
accepts the conclusions of the 2007 report 
fiom the Intergovernmental Panel on Climate 
Change (IPCC) that anticipates a sizable 
(-2°C) warming, a moderate (~30 em) 
level rise, and many large but not apocalyptic 
century. He notes: 


quences are important and mostly negative” 
Following his own advice, he has “cooled 
(moderated) some of the views he expressed 
in The Skeptical Environmentalist (2). 

Lomborg asks whether it makes more 
sense committing a relatively large amount of 
‘money to try to reduce future global warming 
by suppressing carbon emissions or spending 
smaller amount to deal with many of the 
problems that currently afflict humans and the 
environment. He assumes that people and 
nations will find it difficult 10 overcome 1 
self-interest and commit to deep carbon- 
emission sacrifices for a common good that 
Jies mainly in the future. 


The reviewer is at the Department of Environmental 
Sciences, Clark Hall, University of Viginia, Charlottesville, 
1VA22903, USA. Ema wlrSc@vieginia.eds 
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The book's central 
message is accompanied 
by surpnsingly good news, 
which Lomborg docu- 
mented in (2): most glo- 
bal indices of the human 
condition (disease, mal- 
nutrition, dirty air and 
‘Water, poverty, infant mor- 
tality, and inadequate 
education) have greatly improved in recent 
decades as wealth has risen. Because he draws 
‘on data from institutions like the United 
Nations, his compilations are difficult to 
refite—onganizations dedicated to improving 
human well-being would hardly present an 
overly optimistic view, Lomborg argues that 
spending moderate amounts of money to 
accelerate these positive trends will also, by 
increasing global wealth, reduce human vul- 
nerability to future warming. 

Lomborg’s recommendations dovetail 
with most economic models, which indicate 
that the most cost-effective way of dealing 
with global warming is to spend modest 
amounts reducing carbon emissions now and 
then ramp up expenditures later, when global 
‘wealth is greater. Critics of this cost-benefit 
approach note that it does not call for a full- 
scale assault on carbon emissions levels and 
‘would allow a major increase in atmospheric 
CO,, Lomborg, however, also proposes.a sus- 
tained tenfold inerease in global expenditures 
‘on carbon emission-free energy technologies. 
In effect, he takes up Al Gore’s idea of a "gen- 
rational mission” but proposes a more 
effective approach, 

‘Some critics have ignored Lomborg’s cen- 
tral message and attacked aspects of his treat 
ment of science. At times, he does undercut his 
credibility by recycling disingenuous ang 
ments from global warming skeptics. For 
example, he cites evidence of warm Arctic 
summers Several thousand years ago in such a 
asto imply that current summer tempera- 
tures in the Aretic are nothing unusual. He fails 
to point out that those earlier warm summers 
‘were caused by summer solar radiation levels 
several percent higher than at present and that 
the subsequent reduction in radiation had been 
driving a slow Arctic cooling until humans 
abruptly reversed the trend during the industrial 
cra, He also implies that a part of the warming 
in the 150 years since the Little lee Age ended 
‘was natural in origin, but the 2007 IPCC report 
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‘concluded that anthropogenic warm 
ing dominated (3) 

Ecological issues receive rela- 
tively little attention in this book, 
The Skeptical Environmentalist upset 
some ecologists because they felt 
Lomborg downplayed the threat of 
biodiversity loss. Yet some of their 
ceriticisms conflate the extinctions 
that will be caused by future large- 
scale shifts in ecosystems with those 
underway now because of habitat 
fragmentation, poaching, overhunt- 
ing, and overfishing, 

Some cries accuse Lomborg of 
posing a false choice through his 
implicit assumption that expenditures on 
human and environmental well-being will 
remain constant, and several recent develop 
‘ments support that objection, Well-targeted 
new expenditures from private foundations 
(e.g, Bill and Melinda Gates and Warren 
Buffett) and international foundations that 
integrate small-scale local resources (e.8.. 


the Clinton Global Initiative) have now 
joined the effort, 
Ice sheets are a wild card in projections of 


future climates, In contrast to the modest sea~ 
level rise that the IPCC predicts for the next 
century, climate scientist Jim Hansen foresees 
aan oncoming “tipping point” that will eause the 
irreversible destruction of G 
sea-level rise of several meters withi 
centuries or less (4). At present, Hansen's fear 
of total ice-sheet collapse remains a minority 
view: glaciologists simply do not know how 
‘much of the ice cap will mel or when. 

Scientists have waited for years for upper= 
level U.S. politicians to encourage an open 
debate about the place of global warming in 
national environmental priorities, Now that 
such a discussion has begun, it makes no sense 
to dismiss the thought-provoking arguments 
Lombong poses in Cool It 
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Aging Infrastructure and 
Ecosystem Restoration 


Martin W. Doyle,'* Emily H. Stanley? David G. Havlick? Mark J. Kaiser,‘ George Steinbach? 


William L Grat/ 


‘sa result of recent infrastructure fail- 
LM: particularly the tragic failure of 

the Interstate-35 bridge in Minnesota, 
the US. Senate passed the National Infra- 
structure Improvement Act (NITA), which 
\woulld create the National Commission on the 
Infrastructure of the U.S.A. The commission's 
broad mandate would be to assess the nation’s 
infrastructure and its ability to meet eurrent 
and future demands, Such policy develop- 
es with ongoing efforts to man- 
age and restore degraded ecosystems, This 
on of aging infrastruc 
‘ure and environmental degradation provides 
unprecedented and largely unappreciated 
‘opportunities for ecosystem restoration. 


Gerald E. Galloway? J. Adam 


Convergence of Phenomena 
‘The United States is at an unusual juncture of 
three growing phenomena, First is the wide 
spread decay of infrastructure. The 20th cen- 
tury saw rapid growth in population, the econ- 
omy, and infrastructure (see chart, right) 
Many structures have been in place for 50 
years or more, and an increasing portion of 
national infrastructure is now approaching or 
exceeding its originally intended design life 
and will require over $1.6 trillion to reach 
table levels of safety and function (/). 

The second phenomenon is the degrada- 
tion of the environment and the loss of asso 
ated ecosystem services (2), Substantial eco- 
logical degradation can be attributed, at least 
in part, to infrastructure expansion, Roads 
increase sediment erosion, fragment habitat, 
and facilitate the spread of invasive species 
(3). Dams and levees restrict fish migration 
and have drastically altered river low regimes 
(4). Offshore platforms discharge waste, 
release atmospheric pollution, and compete 
‘with commercial fishing (5). 


{University of North Carolina at Chapel Hill, NC 27599, 
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Third is the burgeoning of ecosystem 
restoration as both a science and an industry 
late, restoration has often been limited 
iveness is frequently 
unelear (7). Nevertheless, there is growing 
demand, political will, and funding for restor- 
ing degraded ecosystems (7, 8). 


Restoration via Decommissioning 
Decommissioning can take several forms, 
including fall removal, partial removal of ki 
components, or abandonment. Publicly ve 
sus privately owned infrastructure may differ 
in decommissioning procedures and ability, 
but all are subject to the National Environ- 
mental Policy Act and equivalent state laws, 
although these laws generally donot facil 
ecological restoration, 

Onrivers.dam decommissioning isinereas- 
ingly common, whereas levee decommission- 
ing is rare. Of the >79,000 dams in the United 

ates, 3504 have been rated as unsafe, colle 
tively in need of $30 billion for rehabilitation, 
repair, or removal (/). Levee inventories are 
less clear, but estimates exceed 25,000 km (9), 
‘many with unknown structural integrity (/0). 
‘To date, >600 dams have been removed. prima- 
rily for safety and economic reasons. Dam 
removal is followed by rapid recovery of inve 
tebrate, fish, and riparian vegetation commun 
often aban- 
doning breached levees, reduces economi 
demands of levee reconstruction while improv~ 
ing floodplain habitat and water quality (/. 

Of the >6 million km of roads in the United 
States, 885,000 km are on public lands main- 
tained by federal land agencies. a portion of 
which are rarely used (/3). The US. Forest 
Service (USFS). with >250,000 km of roads 
over 50 years old, estimated its maintenance 
backlog at ~S10 billion for 26% of system 
roads (/3). The USFS decommissioned 7900 
km of roads between 2002 and 2005 and has 
identified almost 300,000 km for possible 
decommissioning over the next 40 years (/4), 
Decommissioning decreases economic abil 
ties but is also an important tool for restoring 
forest ecosystems (/3}). 

In US. federal waters, there are >3900 off 
shore oil and gas platforms, primarily in the 
Gulf of Mexico (GOM), about one-third of 


Targeted decommissioning of deteriorated 
and obsolete infrastructure can provide 
‘opportunities for restoring degraded 
ecosystems. 
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Which are idle (15). Fed- 
eral policies require that 
platformsbe removes with 
in | year of lease expira- 
tion, and >2700 platforms 
have been removed, Re- 
moved platforms have 
been primarily shallow- 
\water platforms.and mostly 
disposed of onshore (5). 
Costsandenvironmentim- 
pacts of removing deep 
water platforms are sub- 
stant 

Full platform removal 
has drawbacks, including 


environmental impacts 
and loss of the potential 
ecological value of the 


structure as an artificial 
reef (/6), Research shows: 
that platforms facili 
the expansion of coral populations in the GOM 
(17) and act as refuges for juvenile fish, 
increasing fish production off the coast of 
lifornia (/8), Rigs-to-Reefs Programs allow 
reuse of decommissioned structures asartificial 
reefs, Through 2004, >190 retired platforms 
were dedicated for fisheries enhancement, 
\Which reduced decommissioning costs and led 
to $20 million in industry donations to state 
‘environmental manazement trust funds (15). 

Department of Defense (DOD) facilities 
‘an unusual challenge and opportunity. Of 
7 million ha of federal lands in the United 
States, >10 million ha belong wo the DOD (/9), 
Access restrictions have made military bases 
some of the richest ecological reserves of any 
of the nation’s public lands (/4). Through the 
Base Realignment and Closure (BRAC) pro- 
gram, 400 military sites were closed oF reclas- 
ied between 1988 and 2002. To date, man- 
‘agement of 21 bases on >445,000 ha has been 
transferred from the DOD to the US. Fish and 
Wildlife Service to become National Wildlife 
Refuges (ew. Jefferson Proving Ground be- 
‘came Big Oaks National Wildlife Refuge). 

Perhaps the largest combination of in- 
frastructure management and ecosystem 
restoration is the Comprehensive Everglades 
Restoration Project(CERP),anetfortto restore 
the 2.3 million-ha watershed and its ecosystem 
(8). Hydrology in the Everglades is manipu- 
lated through hundreds of control gates, thou- 
sands of kilometers of levees, 2900 km of 
canals, and dozens of pump stations, which 
largely continue to function well. The CERP is 
based on infrastructure modification and par- 
tial removal to move the ecosystem toa more 
natural and sustainable configuration through a 
40-year, $20 billion project. 
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Infrastructure decommissioning and removal. 
‘Dam resulted in rapid recovery of the federally listed endangered Cape Fear 
shiner (Notropis mekistocholas), found in the former impoundment after <2 
years of removal. The dam was removed to generate environmental restora 
tion credits, which were then sold to offset stream impacts elsewhere. 


temoval of Carbonton 


Policy Directions and Exit Strategies 
Infrastructure policy should do more than fund 
projects: it should set national priorities and 
initiatives, The National Commission on 
Infrastructure would set such strategic priori- 
ties and consider infrastructure financing, reha- 
bilitation, and maintenance. Rehabilitation 
under the NIA includes considering removal 
of infrastructure that is deteriorated or no 
longer useful, When infrastructure has been 
decommissioned, ecological restoration has, 
been a side benefit, Prioritizing decommission- 
ing sites based on a combination of ecologi 
omic, and safety concerns can benefit 
multiple stakeholders, possibly reducing over- 
all devommissioning costs(/5). 

Infrastructure decommissioning is likely 
to occur during discrete windows of opportu- 
nity. These may be poticy-related (c.g, expira 
tion of a dam license), natural (.x.. flooding 
‘or through deliberate legislation (e.x.. CERP). 
However, political will for such expenditures 
is difficult to maintain, particularly during 
Political transitions (20). A less broadly 
applied funding mechanism is the use of 
market-like principles in which infrastructure 
decommissioning is used to generate credits 
to offset environmental impacts elsewhere 
(see figure above). 

The greatest lesson from current aging 
infrastructure is the need for exit strategies, 
which vary greatly among infrastructure types. 
Policies for decommissioning dams are sur- 
prisingly rare and vague (//), whereas policies 
offshore platforms are 
se the costs of 
decommissioning and cleanup for infrastru 
ture can be substantial, more explicit policies 
should require provisions for decommissioning 
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a part of inffastructure license or lease terms, 
pethaps similar to that for offshore facilities, 
\where bonding requirements are specified and 
based on the estimated cost of full removal. 

Any infrastructure policy approach must 
confront the national conundrum of pressing 
infrastructure problems and continuing envi- 
ronmental degradation, Specifically, a National 
‘Commission on Infiastructure should squarely 
face decommissioning as a viable option, and 
the environmental benefits gained through 
stich decommissioning should be assessed as 
definable benefitsand leveraged when possible 
and practicable. 
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Organizing the Source of Memory 


Elizabeth A. Grove 


he hippocampus is essential for a 
T=: ningful human life. Without it, we 

cannot form new memories, Engaging 
in a normal social life would not be possible 
because new experiences would fade from 
memory within minutes (/). In keeping with 
its complex function, the hippocampus, part 
of the brain's cerebral cortex, has a distinctive, 
intricate anatomy. A rolled layer of pyramidal- 
shaped neurons, divided into subregions 
called CAL, CA2, and CA3, is capped by the 
dentate gyrus, a packed sheet of granule new- 
rons, curved around the pyramidal cell layer. 
Dissected free of the brain, the entire rolled 
structure bears an uncanny resemblance to a 
seahorse, or, in Greek, “hippocampus” (2).On 
page 304 of this issue, Mangale er al. (3) 
reveal how this intricate structure develops in 
the mammalian embryo. 

One hippocampus develops on each side 
of the brain, close to the brain's midline. 
Within this midline hem." 
source of secreted proteins that regulate vari- 
ety of developmental processes (4). Among 
these signaling molecules are bone morpho- 
genetic proteins (BMPs) and Wingless-Int 
(Wnt) proteins, whose functions include 
directing fields of cells to develop as a spe- 
cific cell type or part of the body, 

Although the cortical hem has been a 
likely candidate to specify the hippocampus, 
evidence has been surprisingly hard to find 
Investigators have focused on manipulating 
Wat or BMP signaling in mive, the favored 
species for studies of mammalian develop- 
‘ment. When Wnt signaling is disrupted, hip- 
pocampal fields are reduced or lost, but this 
ccan be explained by decreased cell division or 
increased cell death (5-7), When Wnt signal- 
ing isactivated throughout the embryonic cor 
tex, small patches of cells resembling hip- 
pocampal neurons develop out of place: how- 
‘no particular source of specifying signals. 
can be distinguished (8). Loss of BMP recep- 
tor activity causes loss of the hem itself (9). 
¢ et al. identified an elegant solu- 
tion to the technical problems of transplanting 
ahem into a mammalian brain, to test its effect 
‘on hippocampus development. They used 
enetic methods to implant several hems into 


The author is in the Department of Neurobiclogy, 
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‘Organizers. (Top) Transplant ofa second Spemann’s 
‘organizer inthe eaty frog embryo generates a sec- 
‘ond body axis, resulting in joined, twin tadpoles. 
(Bottom) Insertion of extra cortical hem organizers 
into the mouse forebrain induces extra hippo- 
‘campuses to form (right; normal brain et. 


the embryonic forebrain. next to tissue com- 
petent to become the hippocampus. In the 
chimeric mice that they generated. normal 
cortical cells intermixed with cells that were 
labeled with green fluorescent protein and 
genetically engineered to lack the transerip- 
tion factor Lhx2. In the absence of functional 
Lhy2. cells are predicted to expressa comple- 
‘ment of other genes typical of the hem, includ- 
ing War and Bmp (10, 11). 

This method of introducing new hems into 
a chimeric forebrain would not have worked 
‘without an interesting cell property demon- 
strated by Mangale etal. Lhx2-deficient cells 
prefer to stick to each other, as do cells 


Signals from the midline of the embryonic 
brain direct formation of the hippocampus. 


expressing Lhx2. Thus, in chimerie mice, cell 
adhesion created patches of each cell type. In 
normal development, Mangale e7 al, suggest 
that such cell affinities help to form a sharp 
boundary between the L/x2-negative hem and 
Lhx2-expressing cortex, 

Next to patches of hem tissue, new hip- 
pocampal fields emerged in regions with 
Lh? function. The dentate gyrus, CA3, and 
CAL were oriented in the appropriate order 
beside hem tissue. The most straightforward 
interpretation of these results is that Lhx2 
makes a region of the forebrain competent 
generate cerebral cortex, and the hem ongan- 
izes hippocampus in the competent tissue. 

Identification of any embryonic tissue 
‘with “onganizer function” recalls the historic 
discovery of a primary embryonic organizer 
by Spemann and Mangold (/2). Ata stage of 
development when the er embryo 
Jooks like a hollow, collapsing ball of dividing 
cells, transplanting a portion of the ball, 

's organizer,” to another embryo 
es the body axis, resulting in con- 
joined twin animals (see the figure). The hem 
isnot a primary, but a"secondary” organizer: 
It regulates a particular component of the 
body. the hippocampus. Nonetheless, the 
position of this secondary onganizer deter- 
mines a major developmental axis that runs 
from the dentate gyrus through the CA fields, 
Integrity ofthe hippocampal axis is important 
to its function, because information travels 
largely one way, from the dentate gyrus 
through the CA fields. Disruption of the axis 
after birth causes profound memory loss (/). 

Remaining questions concern the mec! 
nisms of axis formation and the molecular 
idemtity of hippocampal organizing signals 
including, but probably not limited to, BMPs 
and Wats. Answers may shape investigation 
into the genetic basis of human disorders that 
implicate the hippocampus, such as epilepsy 
and schizophrenia, As for experimental mice 
engineered to develop more than one hip- 
pocampus per hemisphere, are more hip- 
's better or worse for their memory 


Other putative organizers have been identi 
fied in and around the embryonic cortex, 
based on their expression of genes encoding 
secreted signaling proteins (4). A model has 
been proposed in which organizers regulate 
the cell types, subdivisions, and functionally 
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specialized areas of the cerebral cortex. 
Organizer function has now been demon 


strated for two such signali s: the cor- 


sour 


tical hem, and a region of the forebrain that 
secretes fibroblast growth factors to direct 
neocortical organization (13, 14). A broad 
implication of the work by Mangale et al. is 
that it tips the balance in favor of this model, 
transforming it ffom a provisional to a work- 


ing model and a platform for future studies of 
how the cortex is first organized (4, 15). 
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Orion Continues to Surprise 


CR. O'Dell and Leisa K. Townsley 


he closest example of a region of mas- 
Te sa formation the fous Orion 

Nebula, which is easily visible even 
\with small binoculars. The accompanying fig 
ure is a mostic of Hubble Space Telescope 
‘optical images and shows the rich detail in this 
‘autiful object. The brightest stars in the mid- 
dle are the most massive of the several thou- 


sand stars that form the eponymous cluster 
‘Star formation within Orion's Giant Molec 
Cloud began about 2.5 million years ago and 
has continued through recent times. The Orion 
Netula has frequently been one of the first tar- 
ets viewed with new astronomical techniques 
(/), beginning with the optical telescope, the: 
introduction of astronomical spectroscopy. 
adio-wavelength observa 
tions. Now on page 309 in this issue, Giidel 
etal. (2) present xray measurements with the 
“Ray Multi-Mirror (XMM)-Newton satel 
lite that reveal something new: hot gas that can 
only be powered by hypersonic winds from 


and most recently, 


the massive stars. 

Understanding these new observations 
requires understanding the three-dimensional 
structure of the Orion Nebula (3). The location 
of the center of star formation is somewha 
like Goldilocks's porridge. neither too deep 
within the cloud (or we wouldn't see the stars) 
0 t00 close to its surface (or there would not 
have been enough material to form the cluster 
stars), This selection effect means that the 
Orion Nebula is an irr 
layer of gas being ionized by ultraviolet pho- 
tons coming from the hottest star. The ionized 
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thin layer is near the surface of the molecular 
cloud. The massive stars lie a the center of the 
cluster and are on the observer's side of the 
ized Layer. Finally, there is a thin layer of 
‘neutral gas and dust that lies in the foreground 
and form veil throu 
Which we see the nebula. The thickest portion 
Cf the veil extends across part of the brightest 
region of the nebula, superimposing a dark 
thumb outline in the figure. 

The cavity between the ion- 
ized layer and the veil opens 
to the lower right in the 
fig d then 
flow of low-density gas in 
that direction, 

The ionized gas of the 
visible nebula has a temper- 
ature of about 9000 K. This 
is the equilibrium estab- 
lished between the heating 
that occurs from the excess 
energy of the photons that 
ionize the nebula’s hydro- 
gen and the cooling that 
‘occurs by collisional excita- 


isa slow 


tion of heavy elements such 
as carbon, nitrogen, and 
‘oxygen. The hot gas ob- 
served by Giidel er a. is ata 
temperature of 2 million K 
and so must be formed in 


been seen in earlier studies 
of other similar objects, but 
the diffuse light caused by 
scattering in the Chandra 
Observatory’s camera pre- 
cluded detecting any diffuse 


source of x-rays in Ori 
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Observations of a nearby nebula reveal an 
unusual region of extremely hot gas whose 
high temperature is the result of wind from 
massive stars 


(4) near the brightest star, It may also be that 
the thickest veil material obscures emission 
from hot gas in the central region. 

The new study shows two extended regions 
of gas at 2 million K, one in the 3:30 o'clock 
direction from the compact group of four 
bright stars in the center of the nebula and the 
other in the 5:00 o'clock direction, both lying 
\ithin the outer rim of the extended nebula, 


Cradle of star formation, This mosaic image depicts a 12.8 square light- 
year portion of the Orion Nebula, the nearest region of massive-star for- 
mation. The bright area in the upper left center is the well-studied 
Trapezium region of 9000 K gas, and the much larger nearly circular 
region to the lower right is the Extended Orion Nebula within which dif- 
n fuse x-ray emission from 2 million K gas was observed by Gildel etal 


18 JANUARY 2008 


289 


| PERSPECTIVES 


290 


Starlight cannot heat gas to this high tempera- 
ture, and the power must come from the hyper- 
sonic wind emitted by massive stars (5). 

This wind carries about 10,000 times as 
much power as the observed x-rays, which 
‘means that itis the prime candidate to be the 
engine driving the x-ray emission. The wind 
will overtake the escaping low-density gas in 
the outer nebula, producing shock fronts that 
immediately reach temperatures of millions 
of kelvin, This is the same mechanism 
invoked to explain the hotter x-ray emission in 
the similar but more populous Omega and 
Rosette nebulae (4), but many questions 
remain in Orion, Why is the x-ray emission 
confined to these two areas? Is there a chan- 
neling effect of the stellar wind, a rapid cool- 
ing of any other shocked gas closer to the staf 
‘or does extinction in the veil simply preclude 
observation of hot gas in the optically bright- 
est part of the nebula? 

Researchers can answer these questions by 
reanalyzing the earlier Chandra Observat 


‘observations and by employing carefial sub- 
traction ofthe instrumental scattered light and 
mapping the extinction of optical light from 
the Extended Orion Nebula. Once these obser- 
‘ational questions have been resolved, the ball 
will be in the theoreticians” court; itis they 
who must then confront the problems of why 
the Orion gas is at 2 million K and why it is 
located where itis 
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Managing Coastal Wetlands 


Ivan Valiela and Sophia E. Fox 


Wetland management may be improved by evaluating nonlinear relationships of economic value 


and ecotogical services, 


‘bout 30 to 50% of the area of Earth's 
Awe: ital environments has been 

degraded during past decades (1). 
The rates of these losses exceed those of the 
much better publicized losses of tropical for- 
est. Loss of coastal habitat areas reduces key 
I services; for example, fish and 
stocks may decline and shorelines 
may be destabilized (2). On page 321 of this 
issue, Barbier et af. (3) find that habitat area 
might not relate linearly to economic value 
of certain ecological services furnished by 
coastal wetlands and argue that ecosystem 
‘management strategies might benefit from 
consideration of such nontinear functions as a 
basis for coastal preservation. 

Previous work has suggested that the more 
‘salt marsh area present, the greater the likely 
harvest of shrimp in adjacent coastal waters 
(4), Such linear results suggest that the best 
course is to protect as much of these environ- 
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ments as possible: this has largely been the 
basis for management strategies. Barbier eral, 
show that for at least one ecological service 
provided by wetlands such as marshes and 
mangroves—the wave attenuation service 


Costs and benefits of conversion. Ponds are constructed to raise 
shrimp in areas previously covered by mangrove forests in north- 


‘west Java, Indonesia. 


that protects coastal areas from storms and 
tsunamis—the relation between service 
and wetland area is not linear, but is decid- 
edly curved 

‘Such nonlinear links have consequences 
for management. Barbier et al. focus on the 
key management problem in mangroves: con- 
version of forests to shrimp ponds. Is there 
some best solution to the dilemma of weigh- 
ing the value of ecosystem services against 
the economic value of the shrimp crop? The 
authors calculated the “economic value” of 
intact mangrove forests in Thailand, incorpo- 
rating the nonlinear behavior of wave attenus- 
tion as well asthe value of shrimp production 
afier mangrove conversion. Economic value 
peaked at an intermediate level of conversion 
from mangrove forest to shrimp ponds. Thus, 
itmay be possible to define an economic opti- 
‘mum for conversion of mangrove forest area 
to shrimp ponds. 

The work is based on the premise that an 
ecological function can be converted into a 
‘currency directly equivalent to money (5. 6). 
We have at least wo qualms with regard to 
thisimteresting idea, First, given the paucity of 
available information, practitioners of ecosys 
tem valuation are often forced to make daring 
{and not always compelling) leaps of faith to 
convert ecological service to monetary value. 

Second, by putting a price on a natural 
‘environment, we put it up for sale—and the 
monetary value of natural services will sel- 
dom reach the value accrued by conversion to 
industrial or commercial use, For instance, 
some years ago there was a proposal to buikl 
an industrial plant on a wetland! parcel in the 
Hackensack Meadowlands of New Jersey. AS 
counterpoint to the proposal for construc 
tion, decision-makers asked for a valuation of 
the wetland, which came to about 
$9000 per acre, per year, in per 
petuity. The builders offered 
$200,000 per acre and showed 
that the added jobs. taxes, 
would by far exceed wetland 

“proceeds” in the short and long 
term. Today a refinery stands 
on the sit 

That said, there are eral 
valuable features of the results 
reported by Barbier ef al. They 
‘show that consideration of nonlin- 
car aspects of coastal variable 
improved the ability to incorpo- 
rate conflicting demands in man- 
agement strategies, Use of nonlin- 
ear relationships could elucidate 
diminishing ecological returns 
associated with different amounts, 
‘of area preserved. This may pro- 
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Vide an objective way to decide on the degree 
of preservation of different environments of 
the world’s coasts 

The results also suggest several fertile 
areas for further research, First, itis important 
to determine how general nonlinearities may 
be; in the Thai mangrove example, the value 
‘of coastal protection by wave attenuation was 
nonlinearly related to the area of mangrove 
loss, but yields of fishery and wood products 
were linearly related to habitat area. Second, 
scientists must establish whether the devia- 
tions from linearity are significant in both 
ecological and management terms to make 
sure that implementation of policies resulting 
from use of curved functions leads to 
detectable differences, Third, more solid evi- 
dence is needed that a service is actually being 
provided; for instance, there has been consid- 
erable debate about how much wave protec- 
tion is provided by mangroves (7-1/). Fourth, 
future studies should more comprehensively 
‘cover the suite of locally relevant factors influ- 
encing economic value. Barbier (/2) made a 
good start toward addressing local issues by 
quantifying the net effects of economic costs 
and benefits resulting from conversion of 
mangrove forests to shrimp farming, but the 
valuation might benefit by addition of a few 
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key terms. In Ecuador. for example, the 
shrimp industry came to a standstill not be- 
‘cause of deficit income, but because the sup- 
ply of juvenile shrimp in nearby waters (used 
as the “seed” for shrimp ponds) was depleted 
by overfishing. In Ecuador and elsewhere, the 
mangrove conversion rate may be accelerated 
by the need to abandon ponds that, a a result 
of high-yield culture methods, have become 
too chemically altered to be suitable for 
shrimp growth. 

Finally, Barbier er al. point to the need 
to determine ecosystem-based manage- 
ment for coastal areas by weighing and 
incorporating the interests of several pla 
rs: shrimp farmers, who will think about 
the price of shrimp, but are unlikely to con- 
sider long-term, regional benefits of 
coastal protection when deciding whether 
to dig another pond; outside investors, who 
might not know or care about mangrove 
services; and officials, who might be 
responsible for implementing regional 
environmental strategies that foster eco- 
logical services. 

The report by Barbierer al. highlights the 
complexities involved in making the com- 
promises needed for future coastal mana; 
ment, Research from the study areas pointed 


Dreams of Natural Streams 


David R. Montgomery 


hat does a natural river look like’ 
‘Centuries of human influence can 
mask historically distinctive river 


forms in and among regions around the world 
(see the figure). Results reported by Walter 
‘and Merritts on page 299 of this issue ( /) sug: 
zest that human modification of riverseapes 
has been so extensive that even some funda- 
‘mental ideas about how rivers work bear the 
stamp of human influence. The authors show 
hhow colonial mill dams and land use changed 
New England's streams froma marshy mult 
channel morphology to today’s meandering 
single-channel form, 

This transformation is obviously fascinat- 
ing to students of regional environmental his- 
tory, but itis not only of academic interest 
Understanding how natural streams work is 
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crucial for river restoration, an academically 
young discipline that is rapidly maturing into 
4 billion-dollar-a-year industry. The classi 
sinuous form of meandering channels (2) has 
‘come to represent a natural ideal in channel- 
restoration design—even for rivers for which 
stich an ideal is historical fiction. 

Modern fluvial geomorphology—the 
study of rivers—evolved out of the studies of 
Luna Leopold, M. Gordon Wolman, and their 
colleagues in the 1950s. As the field devel- 
oped. pioneering studies of streams in the 
eastern United States contributed to a stan- 
dard model for how fluvial processes shape 
rivers and floodplain environments. This 
‘model has been elaborated upon and exported 
around the world. Indeed, these now classic 
studies provided the basis for the so-called 
natural channel design central to many river- 
restoration efforts across the United States (3). 

Walter and Merritts now show that some of 
the rivers studied by Leopold, Wolman, and 
colleagues were not so natural after all, The 
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‘out above will show whether “bent” rela- 
tionships make for compromises that are not 
only ecologically desirable, but also enable 
compromises for planned management of 
coastal wetlands that are acceptable to the 
diverse stakeholders 
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Human influences have fundamentally 
changed river morphologies in temperate 
regions around the world, 


new study does not challenge their funda- 
mental insights into how the interplay of 
and sediment transport shape: 
river and stream ehannels, but in light of the 
new findings, what constitutes a natural chan- 
nel form requires reexamination 

The results parallel findings in Europe 
and the Pacific Northwest of how historical 
clearing of large wood and logjams altered 
river morphology. Before European rivers 
‘were cleared to promote waterborne com- 
mere, large trees and logjams obstructed 
many rivers; local blockages split low into 
multichannel networks of branching streams 
(4). Similarly, downed wood split channels 
into branching networks of small channels, 
flowing across slough-rich valley bottoms in 
the forested floodplains of the Pacific 
Northwest (5, 6). 

Walter and Merritts now present com- 
pelling evidence fora similar change that rad- 
ically altered rivers in the eastern United 
States, Thus, a comparable transition from 
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‘multithread channels to meandering single- 
thread channels occurred in all three regions. 
This observation suggests that a common 
transformation accompanied human develop- 
‘ment of temperate forest rivers. 

Walter and Merritts also help to resolve a 


Natural or not? A single-channel mean- 
dering form provides the template for 
‘many river engineering and restoration 
projects, but as Walter and Merrits show 
inthis issue itmay not reflect forms that 
predated anthropogenic modifications. 


long-standing geographical conun- 
drum, Recent studies have con- 
firmed the long-articulated idea 
that modern agriculture greatly 
accelerated rates of soil erosion 
(7-9), but at the same time, sedi- 
‘ment delivery to oceans declined by 
half (0). Where is all the dirt 
thought to have been stripped from 
upland farms? Walter and Merrtts 
show that tremendous amounts of 
floodplain sediment previously 
thought to date back thousands of 
years actually represents material 
impounded behind mill dams. Her 
may lie much of New England's 
precolonial topsoil 

The study by Walter and Merritts 
also has substantial implications 
for river restoration. The implicit 
mantra of such restoration pro- 
sgrams—enough studying has 
been based on the idea of reengineering an 
archetypal meandering channel form. Given 
the compelling demonstrations of extensive 
human alteration of the fundamental mor- 
phology of river systems in New England (/), 


Europe (4), and the Pacific Northwest (5. 6), 
the first step in a river-restoration program 
should instead be to develop a solid under- 
standing of what the targeted rivers were actu- 
ally like before the changes that restorationists 
seekto undo or mitigate, 

Over recent decades, substantial progress 
hhas been made in deepening the understand- 
ing of how rivers work and addressing how 
different environmental contexts in different 
regions left their own mark on rivers. The 
report by Walter and Merritts shows that it 
sto do the painstaking work of historical 
sleuthing—even in areas thought to define 
benchmarks in understanding. 
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Probing Quantum Magnetism 


with Cold Atoms 


‘Maciej Lewenst 


in and Anna Sanpera 


lly locked together in a single quantum 

state known as a Bose-Einstein conden- 
sate (/), Since then, researchers keep broaden- 
ing the scope of research with ultracold atoms. 
On page 295 of this issue, Trotzhy et al. (2) 
report measurement of interactions between 
atoms trapped in an optical lattice that are 
analogous to the interactions between atomic 


I: 1995, ultracold atoms were experimen 
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spins in magnetic materials, a phenomenon 
called “superexchange.” This is an essential 
step toward experimental realization of mod- 
els for studying arrangements of quantum 
spins. These relatively simple models will 
help us study and understand the most funda. 
‘mental physicsassociated with quantum mag- 
netic ordering, quantum phase transitions, and 
a large zoo of exotic quantum phases. 
Although spin models have been tradi- 
tionally constructed as ideal approximations 
of real magnetic materials, many theorists 
have pointed out that ultracold atoms in opt 
cal lattices allow for an almost perfect 
ization of these systems [see review (3) and 


The interactions of atoms held in an optical 
trap reveal fundamental mechanisms of 
magnetism. 


references therein}. An optical lattice is a 
spatially ordered array of potential wells or 
traps produced by the interference pattern of 
counterpropagating laser beams. In simpler 
terms, the optical lattice looks effectively 
like an egg carton, where the atoms, like 
eggs. can be arranged one per well to form 
sof quantum matter. 

These quantum crystals ean be controlled 
and manipulated by modifying the frequency, 
intensity, or polarization of the lasers forming 
the lattice. One can also superimpose a sec 
ondary optical lattice (or “superlattice”) on 
top of the primary one to further modify 
the potential in which the atoms are trapped. 


wwwwsciencemag.or 


Moreover, one can use internal atomic proper 
ties, such as the magnetic moment of atoms 


ly correlated 


(the spins), to desi 


quantum spin models with a variety of exotic 
properties. In condensed matter, interactions 
2 of 
different electronic orbitals. In optical lattices, 
h 
the elee- 


between spins arise from the overlappi 


however, where there is only one atom in ¢ 


potential Well, the overlap betwe 


tronic orbitals is very small, Nevertheless, 
interactions between spins can be induced 
through virtual hoppin, 
adjacent lattice wells. In other words, quan- 
tum mech 


of atoms between 


nics allows the atoms to tunnel 


the barrier so the spins can int 


rac 
These 
nd were discovered by Kramers (4) 


¢ interactions 
nd 
Andlerson (3). 

The experiment of Trotzky ef al, uses a 
superlattice to examine the dynamical evolu: 
tion of the simplest matter crystal consisting 
of a pair of wells, where 
each well is loaded with an 
individual rubidium atom 


(see the figure), The two 


‘atoms are initially prepared 


in different 
Altho 
ber of atoms in each poten: 


spin states, 


al well does not change in 
time, the atoms are allowed 
to interact by virtual tunne 


ing. Passing through a vi 
tual state of double occu 
paney, the enemy of the sys 


ean increase as a result 


of collisions inside a sin 
potential well, giving in this 
way a clear signature of 
superexchange interactions. 

By imposin 
tional magnetic 


mismatch the 


an addi- 
field 10 
potential 


energies of the two wells, it 


is possible to tune the hop- 
pi 


that is, the hoppin 


increases from a shallower 


well) while keeping the cg 


This allows the researchers 
to test the accuracy of the 
underlying theoretical spin 
model (in this case. 
Bose-Hubbard 
model) and even to control 


the 
so-called 


the sign of the interactions. 
Depending on the value of 
the applied field, the super- 
exchat 


interactions ca 


either be antiferroma; 


netic 
etic, where at 


Atomic hopping. An a 
contains a single a 
spin-spin coupling in which atoms quantum 
one well to the adjacent 


lel oral 


ire the spins orient in antips 
jgned fashion, respectively 
mzky eral. 
dealing with an ensemble of nearly noninter- 


The experiment of though 


acting pairs of atoms, opens a direct path 


toward realization of low-temperature quan- 
ny-body spin 
Id atoms, Studies of this 


tum magnets anda va 
models with ultr 


ate 


kind focus on both the equilibrium 
such systems. Trotzky ¢ 


al 
particular spin models in lattices 


the dynamics o 


discuss som 


of various geometries and anisotropic interac- 
tions. Even more fascinanin 


of studyin; 


i is the possibility 


polymerized lattices that consist 


of regular arrays of plaquettes (i... complexes 


of a few close sites, forming dimers, trimers, 


ete.) Such systems could be used to mimic 


icle physics, 
such as lattice gauge theories that occur in 
quark physics. 


The three 


Jimensional lattice of double 


of double well potentials, where each well 
ent atoms in gh superexchange 
from 


im. Adj 


and back, as studied by 


SCIENCE 


PERSPECTIVES [ 


Wells, used in the present experiment, isa 
example of a dimerized cubic lattice. A 
! 2 triangular 
lattice of smaller triangles) was originally 
introduced by Mila (6) to study resonating 


trimerized kagome lattice (i.e. 


valence-bond (RVB) states that are super- 
positions of states in which random pairs of 


neighbor and 


atoms at 


in zero total spin 


fe examples of a so-called quantum spin liq 
uid. The RVB state is important for, among 
other reasons, the possibility that it may be 
the basis for h 
tiv 
ka 


as a quadruply polymerized square lattice 


temperature superconduc 
The possibility of realizing trimerized 


some and other polymerized lattices, such 


of square plaquettes, using cold atoms 


nd superlattices was suggested by one of us 


(7). A very simple proposal for a quadruply 
polymerized square lattice was recently 
formulated by Paredes and Bloch (8) and is 


expected to be investigated by several experi- 


mental groups for novel quantum inforn 


tion processing applications, 
One of the most challenj 


ing. questions 

concerns not only how to experimentally ere- 
quantum 

also how to detect them, Recent prominent 


ate “exotic etic phases but 


mples of detection schemes include inter 
ferometry that seeks correlations in noisy sig 
nals (9), methods involvi 


wy cavity quantum 
electrodynamics (/0), or quantum spin polat= 
ization spectroscopy, formulated by us (1) 
asa quantum nondemolition method (i. 
where the quantum state is examined but not 
destroyed) particularly suited for studyin 


‘unusual quantum m 
Since the first Bose-Finst 


tic phases, 
n condensates 


Were created, researchers have started to unify 


atomic, molecular, and quantum optics with 


condensed matt nd quantum infor 


mation, Now recent developments(2, 3,8, /0) 


show that experiments with ultracold gases 


can address quantum may 
even allow us to ma 


ess on some 


unsolved problems of hi 


h-enengy physics in 
benchtop experiments, 


References 

1. MLM. Aederson ea, Science 269, 198 (1995), 

2: 5. rothy etal, Science 319,295 (2008); published 
‘online 20 December 2007 (10,1126/cience 1150841), 

3. M.Lewenstin etal, Ady Phys. 56,243 (2007) 

4. HA Kramers, Physica 2, 182 (1934) 

5. BW. Anderson, Phys.Rev. 79, 350 (1950). 

6. FW, Phys Rew. Lett. B1, 2356 (1998), 

7. 8, Dams eto, Phys: Rex.A72, 052622 (2008), 

8. B. Paredes, Bloch, pas ong/abs 07 11.3796 

9. E.Altman,€. Dele, M.D Lukin, Phys. R.A 70, 
013603 (2004). 


10, Jang ett, tpn rab 65. 
11, K Eder, Mature Phys, 10.1038!nphys776 
@o0n. 
1o.s126/cience.1153723 


293 


294 


Arabidopsis CLV3 Peptide Directly 
Binds CLV1 Ectodomain 


‘Mari Ogawa, Hidefumi Shinohara, Youji 


renewing shoot apical meristem (SAM). A 

feeulback signaling loop between stem cells 
and the underlying organizing center balances 
stem cell renewal and differentiation (1), CLAVATALL 
(CLV) and CLAVATA3 (CLV3), which are 
‘expressed in adjacent regions in SAM and fune- 
tion in the same genetic pathway, are key compo- 
nents of the regulatory network controlling this 
balance in Arabidopsis. Mutations in the CLI 
ones cause accumulation of stem cells and en= 
langement of the SAM. In contrast, averexpres- 


P= ‘continuously produce ongans from self 


brane fractions derived fom transgenic BY 
cells with a photoactivable |" S1JASA-CLV3 (fig. 
$1, Band C) followaa by cross-linking by ultea- 
Violet (UV) imadiation resulta in specific label- 
wf of the 130KD band that comesponds 10 
CLVI-AKD-AIT (Fig. 1D). These results indicate 
that CLV3 directly binds the CLV1 ectodomain 
‘A broad 90-KD labeled band probably represents 
(C-terminal- truncated CLVI-AKD-HTT in which 
the HIT domain was lost. Truncated rwoeptor 
kinases ane often detect at considerable amounts 
in membrane fractions (5), Scatchard. analysis 


(2), and CLI 


pair, biochemical evidence 
The ligand-binding hi 
are dificult 
regulator of cell growth 
‘overexpressed in plant cells in 
sufficient quantities for Higand- 
binding assay. Deletion ofthe 
eytoplasmic kinase domain 
improves expression of LRR- 
RK proteins without affecting 
fiyand-binding affinity of the 
cextraellular domain (5), We 
therefore overexpressed a CLV 
n which the kinase domain 
was replaced with HaloTag 
(Promega, Madison, WI) 
(CLVI-AKD-HIT) in tobacco 
BY-2 cells Fix. 1. A and B), 
To test whether CLV1- 
AKD-HIT specifically interacts 
With CLV3, we incubwiel mes 
brane fractions derived from 
wikdaype and transgenic BY-2 
ceclls with [PHICLV3. Mem- 
brane factions derived fiom 
transgenic BY-2 cells overex- 
pressing CLVL-ARD-HT had 
siunificantly higher specific 
PHICLV3 binding activity 
than factions derived. trom 
Wwildsype BY2 cells (Fiz. 10). 
‘The specific [HICLV3 bind- 
ing to membranes was rapid, 
saturable, and reversible ( 
S1A), Incubation ofthe mem- 


ses loss of stem 
ial arrest. C 
receptor kinase (LRR-RK) 
encodes a secreted polypeptide 
that is converted into a 12-amino acid peptide by 
proteolytic processing (3,4), Ahough these mol- 
les are thought to aet as a ligand-receptor 
nains lacking. 

acteristics of CLV 
ess because if acts asa negative 
nd therefore eannot be 


revealed that CLVI-AKD-HT interacts with 
PHICLV3 with a dissociation consant (K,) of 
175 nM (Fig. 1E), The interaction was only 
Patally inhibited by excess [Als"CLV3, a less- 
active CLV3 analog comesponding to ch3-1 and 
‘lv3-5 alles (3), indicating that the observed bind- 
ing is specific (Fig. IF) 

Several CLE peptides, structurally related to 
CLV3, play pleiotropic roles in plant growth and 
development (6), OF the total of 31 CLE genes 

Arabidopsis, 16 can be grouped into three phy- 


ls and, in 
VI encodes 3 
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Fig. 1. (A) Schematic structures of CLV and its HaloTag fusion 
protein (CLV1-AKD-HD. CLV2 is 2 980-amino acid LRR-RK containing 
2 signal peptide (SP), 22 tandem LRRs, a transmembrane domain TM), 
and a cytoplasmic kinase domain (KO). (B) Visualization of CLV1-AKD- 
HT in wild-type (WN) BY-2 cells and in transgenic BY-2 cells 
‘overexpressing CLV1-AKD-HT (OX) by specific incorporation of the 
fluorescent dye HaloTag TMR (Promega, Madison, WI. (©) [H)CLV3 
binding assay of microsomal fractions derived from WT cells and 
‘wansgenic cells overexpressing CLV1-AKO-HT (OX) in the absence or 
presence of excess unlabeled CLV as a competitor (mean + SD, =3). 
(D) Photoaffinity labeling of CLV1-AKD-HT by [*"IJASA-CLV3 in the 
absence or presence of excess unlabeled CLV3. (E) Scatchard plot ofthe 
BHICLS binding to CLVI-AKD-HT. F) Competitive replacement of 
PHICLV3 (32 nl) binding to CLV1-AKD-HT by CLV3, [Ala*|CLV3, CLE2, 
‘CLE9, CLE44, and [1-8)CLV3 peptides (mean + SD, n = 3). Amino acid 
sequence of each peptide & given in fig. S1D- 
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logenetic clades: CLE! to CLE7, CLE9 10 
(CLEL3, and CLE#I to CLE# (7), Overexpression 
of the first group of CLE genes caused pheno- 
types similar to, but milder than, those caused by 
CLV3 overexpression (7). Overexpression of the 
second CLE group induced termination of SAM 
‘with high mortality, similarto the SAM of CLV3- 
overexpressing plants, Overexpression of the 
thind group of CLE genes did not affect the 
SAM. PHICLV3 binding to CLVI-AKD-HT 
‘was inhibited similarly by either CLE9 or 
CLV3 (Fig. 1F), CLE2 also inhibited PHICLV3 
binding to a considerable degree, whe 
CLES only panially inhibited binding (Fig 
JF). Thus, CLVI interacts both with CLV3 and 
also CLE peptides, each with unique aftinit 
‘The relative binding alfnities of the CLV and 
CLE peptides for the ectodomain of CLV3 and 
related receptors may, together with the location 
and timing of expression of these componer 
form the basis for the physiological importance 
of these signals in the SAM and other tissues 
Our results provide direct evidence that CLV3 
and CLV! function as a. ligand-receptor pair 
involved in stem c Our results 
also indicate that the CLV © 
sufliciemt for CLV3 binding. This suggests 
ays of ectodomains derived from LRR-RKs 
may be able to 


in vitro, Such a bioches 
clarify highly redundant and pleiotropic CLE 
signaling by identifying the individual figand- 
receptor interactions. 
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Time-Resolved Observation and Control 
of Superexchange Interactions with 
Ultracold Atoms in Optical Lattices 


S. Trotzky,"” P. Cheinet,>* S, Falling,” M. Feld,*? U. Schnorrberger,* A. M. Rey,? 
‘A. Polkovnikov,* E. A. Demler,”* M. D. Lukin, ** 1. Bloch*t 


Quantum mechanical superexchange interactions form the basis of quantum magnetism in strongly 
correlated electronic media. We report on the direct measurement of superexchange interactions 
with ultracold atoms in optical lattices. After preparing 2 spin-mixture of ultracold atoms in an 
antiferromagnetically ordered state, we measured coherent superexchange-mediated spin 
dynamics with coupling energies from 5 hertz up to 2 kilohertz. By dynamically modifying the 
Potential bias between neighboring lattice sites, the magnitude and sign of the superexchange 
interaction can be controlled, thus allowing the system to be switched between antiferromagnetic 


and ferromagnetic spin interactions. We compare our findings to predictions of a two-site 
Bose-Hubbard model and find very good agreement, but are also able to identify corrections 
that can be explained by the inclusion of direct nearest-neighbor interactions. 


systems on a lattice have 
decades. as paradigms for 
‘condensed matter and statistical physics, 
clucidating fundamental propertics of 
phase transitions and acting as models for the 
femengence of quantum magnetism in strongly 
comlated electronic media, In all these eases, the 
ns ely ona spin-spin interaction 
ighboring, latice sites, 
such as in the Ising or Heisenberg mextel (I~). 
As initially proposed for electrons by Dirac (4. 5) 
and Heisenberg (2, 6), effective spin-spin inter 
actions ean arise due tothe interplay between the 
spin-independent Coulomb repulsion and. ex- 
change symmetry and do not require any direct 
‘coupling between the spins of the particles. The 
nature of such spin-exchange interactions is 
ypically short-ranged, as it is govemed by the 
wave function overlap of the underlying 
tronic orbitals. However, in sev 
sulators, such as ionic solids like CuO) 
antiferomagnetic ordr arises even though the 
\vave function overlap between the magnetic ions 
is practically zero. In this case, a “Superenchang 
interaction mediated by higher-onler viral hop- 
ping processes can be effective over a lange dis- 
tance (7, 8), which leads to an (ant)-ferromagnetic 
‘coupling between bosons (fermions) on neighbor- 
ing lattice sites (3), Such superexchange inter 
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actions are believed to play an important role 
the context of high-temperature superconduc: 
tivity (). Furthermore, they ean form the basis 
for the generation of robust quantum g 
similar to that recently described. in electronic 
double quantum dot systems (70, ) and can be 
used for the efficient generation of mulipartcle 
entangled states (72, 13), as. well as for the 
production of many-body quantum phases with 
topological onter (14-16). 

We report on the dict observation of super= 
exchange interactions with ultracold atoms in 
‘optical lattices (7, 78), Previous experiments 
have shown that spin-spin interactions between 
neighboring atoms can be implemented in dis- 

e steps (/9, 20) by bringing the atoms 
and carrying out con- 
trolled collisions (20-22) oF onsite exchange 
interactions (23). The superexchange interactions 
demonstrated here, however, directly implement 
nearest-neighbor spin interactions in the many- 
badly system and all fora continuous “anak” 
simulation of spin lattice Ha 


= 
i {or 
i 4 

dex 


We probe the superexchange interactions by 
first preparing two atomic spin states of *7Rb in 
an antiferromagnetic order (24) and then record= 
ing the time evolution of the spins of neighboring 
toms in isolated double-well potentials (25-27) 
for weak to strong tunnel couplings. For domi- 
ns over the tunnel cou. 
piling between lattice sites, we find pronounced 
sinusoidal spin oscillations due to an effective 
Heisenbere-type superexchange Hamiltonian, 
‘whereas for stronger tunnc! coupling, a more 
complex dynamics emerges, In addition, we 
show how the strength and sign of the super- 
exchange interaction can be direetly controlled 
by introducing a potential bias between neighbor- 
ing wells, Funthermore, we find that corrections 
to the two-site Bose- Hubbard model (BHM) that 
take into account the direct interaction between 
prticles on neighboring lattice sites are needed to 
fully explain our data 

Theoretical model. An isolated system of wo 
coupled potential wells 
concept for the investi 
mediated spin dyn 
atoms. We consider a single double-well poten- 
tial occupied by a pair of bosonic atoms with two 
different spin states denoted by (1) and |), Ifthe 
vibrational evel spliting in each well is much 
linger than all other relevant energy scales and 
imersite interactions are neglected, the system 
can be described in a two-mode approxima. 
tion by a two-site version of the Bose-Hubbard 
Hamiltonian 


A= & |-HMabyden + apiter ) 
oral 
eee . 
5 Ags. ~ fon) | + Uiguiie. + fiyniyn) (1) 
where the operons dg and dg gcreate und 
annihilate an tom with spin in the left and right 


‘well respectively, tg count the number of atoms, 
per spin state and well, J is the tunnel matrix 


clement, & is the potential bias or tit along the 
double-well axis, and U 
is the on-site interact 


= Uy, = fk gl ay 
on esegy betwen fo 


I> eorlty 


It)+als> 


Fig. 1. Schematics of superexchange interactions. (A) Second-order hopping via |11,0) and (0,11) 
mediates the spin-spin interactions between atoms on different sides of the double well. (B) Energy levels. 
for A = 0 and U >> J. The evolution in the upper doublet of states () corresponds to the correlated 
tunneting of atom pairs (27), whereas the superexchange takes place in the lower one i). Both doublets 
are coupled by first-order tunneling processes (i. 
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‘atoms in |) and |). Here, g = (nial! )/M is 
the effective interaction strength with af! being 
‘the positive scattering length for the spin states 
used in the experiment, Mis the mass ofa single 
atom, and y1,(x) denote the wave functions for 
‘4 particle localized on the left or right side of the 
double well, The state of the system can be 
described as a supemposition of the Fock states 
ATs eT. TO) OTL). where the left and 
in the notation represent the occupation 
‘of the left and right well, respectively, and the 
‘states |1{,0) and 0,14) are spin wiplet states. In 
the following, we will focus on the dynamical 
«evolution ofthe population imbalance x = m, ~ 
nd the Neel order parameter or “spin imbalance’ 
(ry + nye ~ nye ~ y.)?2 starting with 
double wells initially prepared in (7,4). Here, 
maar = (itga.x) denote the corresponding 
quantum mechanical expectation values and 
Me™ MyM ke 

Inthe init of dominating imeractions(L! >> J), 
when starting in the subspace of singly occupied 
wells spanned by 7.) and |.1), the enengetically 
highetying states 7{,0) and 0.74) can only. be 
reached as "Virtual infermeatiste states in second- 
‘onder tunneling processes, Such processes Ket 1 a 
nonlocal (super) spin-exchange interaction, which 
‘couples the states |.) and |1,1) (Fig, 1A), Mone 
‘generally, for an arbitrary spin configuration with 
‘equal interaction enengies Upy ® Uyy = Uy 28), the 
seconitorder hopping events are deseibea by an 
‘isotropic Heisenberg-type effective spin Hamilton 
‘nian in the limit U >> J (3, 15, 29, 30% 


Mage =~ 2dexs 


UXTiw and s 
Gina fin)? denote the corresponding spin 
‘operators ofthe system, with Sia" Se iS). The 
effective coupling strength Joy Fepresents the su 
perexchange and can readily be evaluated by 
pemturbation theory up to quadratic order in the 
tunneling operator, which yields Jeg = 2/7/U, 

‘When a potential bias > 0 is applied, the 
degeneracy of the two intermediate states in the 
superechange process is lifted (Fig. 1A). For J. 
A << U this leads to a moi 
effective superenchange coup 
PAU + A) © PAU A) = 2.PUML? ~ 8) (13), 
By tuning the bias to A > U, it is possible to 
change the sign of Joy and therefore to switch 
between ferromagnetic and antiferomagnetic 
ssuperexchange interactions. For J << US, 
the picture of an effective coupling via two 
Virtual intermediate states is ayain valid, and the 
full reversal 10 Jeg = 27/0 is found to be 
reached for A= V2U. 

For symmetric double wells (A = 0), the 
Hamittonian Eq. 1 can be disgonalized analyt- 
ically to give a valid picture for all values of J 
and U within the single-band BHM. A conye- 
nent basis is given by the spin triplet and singlet 
state Ws) = (7.4) = 1) ¥/2 and the states 


tXtie Soe 


whew Six 
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(11.0) = 0.7 )v2. Two of the cigenstates are 
linear combinations of /) and +), where the one 
having the larger overlap with 1) is the ground 
state. The spin singlets) and the state (-) are 
already eigenstates themselves. with energy 0 
and U, respectively (Fig, 1B). As a direct con- 
sequence, -) cannot be reached from the initial 
state T.1) = (s)* v2. Therefore, the dy- 
‘namical evolution of the spin imbalance con- 
tains only two frequencies 

1 : a) 


mel (OY 


The extraction of these frequencies fiom time- 
resolved measurements allows for the determi- 
nation of 27 = h yaa and U~ Men, ~ 3) 
within the BHM. 

Because these frequencies can be measured 
With high accuracy, we are able to observe de- 
Viations from the simple BHM, We obtain a first 
‘correction by the inclusion of nearest-neighbor 
imeractions (3) in an extended two-site Bose- 
Hubbard model [EBHIM; sce Eq. St in (3/)} 
‘This modification introduces the interwellinerac- 
tion energy Ur = ¢ * iwiixwa (x's and a 
correction to the tunneling matrix clement 
which becomes = J+ AJ, where AJ -g = 
Judtxpentxs, The interwell interaction leads 
to a dinet spin-exchange term, which in the 
Timit U >> J) reduces the comected super 
exchange coupling 10 Jaq = 2770 ~ Vix 
Although we find thatthe Comections to the pure 
twosite BHM are not negligible in the experi- 
mentally relevant parameter region, numerical 


Fig. 2. State preparation A 
‘and detection. (A) Spin trip- 
let pairs are created on dou- 
bly occupied lattice sites and 
subsequently split under the 
influence of a magnetic field 
‘gradient & to obtain antifer- 
omagnetic Néel order. (B) 
Evolution ofthe eigenener- 
ies with respect to the 
‘ground-state energy during 
the splitting with Ving = 
10 E, Veans = 25 &,, and a 
gradient of 8° = 17 Gem. 
‘The notation [v.72] denotes 
the number of vibrational 
‘excitations forthe first and 
second. partide. The inset 


calculations based on the multiband Schrddinger 
equation show thatthe direct exchange ean ney- 
er overcome the superexchange coupling term 
(lig. S1) and therefore change the nature of the 
ound state to be antiferromagnetic, This is 
agreement with the Lieb-Matts theorem (32), 
‘which states that the ground state for two bosons 
hhas to be a spin-tniplet state. 

Initial state preparation. To investigate the 
spin dynamics between neighboring atoms, we 
initially prepare a sample of ultracold neutral 
atoms with two relevant internal states 7) and 
2) ina three-dimensional (3D) array of double 
wells with Nécl-type antiferromagnetic order 
{1414 along one spatial direction (Fig, 2), 
State preparation was started by loading a "Rb 
Bose-Einstein condensate of typically ~8 « 10* 
atoms in the /F = 1, mp =~ ~1) Zeeman sublevel 
‘with no discemible thermal faction trom a 
magnetic trap with high offbet field into a 3D 
‘optical lace of double-well potentials (25). This 
“superlattice” potential is obtained by superim- 
posing on one axis two standing light fields with 
periodicity 382.5 nm (short lattice) and 765 rim 
(ong lattice) and additional standing waves with 
periodicity 420 nm on the two perpendicular axes 
27). Controling all depths and the relative phase 
‘ofthe short and long lattice allows one to tune the 
sdouble-well configuration in terms of the Ham 
ihionian parameters J, U, and A. The depths ofthe 
latices are given in units of the short-latice rec 
nergy Ey” (2M 22) with 4» 76S nm through- 
‘out the article, The loading ramps were optimized 
to favor an occupation of two atoms per double 
‘well and to avoid heating to higher vibrational 
kevels (37), Atler menging the double wells by 
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shows the eigenenergies 
and (eigen)-states forthe ff 
nal barrier height of Ven = 
44 €,. (©) Detection of the 
population and spin imba- 
tance. The population of the 
left well is transferred to 3 
higher vibrational level of 
the underying tong-attice 
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well 25, 27). Subsequent band mapping and a Stern-Gerlach iter allow one to determine x(t) and Ng() from 


the time-ofight images. 
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ramping down the shor latice, a microwave rapid 
adiabatic passage was used 10 transfer all atoms 
imo the JF = 1, mp = 0) state. Subsequently, the 
magnetic trap is switched off and while maintain- 
ing a homogencous offset field of ~12 G, ator 
Diits. were coherently transferred from 
‘mp=0) into spin triplet pairs ( l 
‘by means of spin-changing collisions (33, 44), 
The two magnetic sublevels ymp = <1) corme- 
spond to the two spin states |7) and |}). The 
maining atoms in the imip ~ 0) state, €2. on 
gly occupied sites, ane transferred into F = 2, 
‘me = 0) and removed in a. filtering sequence 
belore the detection (31), 

Finally, the short lattice was ramped up 
slowly in 20 ms, thereby inhibiting a coberent 
spliting of the atom pairs and Keaving the 
double wells in a state with one atom on cach 
side (26), For the time of the ramping up, a 
Inugnetic field gradient of B° = 17 Glem in the 
direetion of the superlattice is: switehed on, 
“Therefore, the degeneracy of the states 7.1) and 
{.1) in the double well is fitted by ~900 Hz, 
Which enables an adiabatic loading of the state 
1.1) during the spliting process (Fig. 2B). Nu- 
micrical integration of a multiband ansatz for this 
procedure yields an expected fidelity of >99% 
r an antiferromagnetic onder along 
is of the superlattice. The mean popu 
lation imbalance x(¢) and spin imbalance N.C) 
Cf the ensemble of double wells was detected 
by applying a mapping technique (26, 27) 
combined with a Stem-Gerlach filter (Fig 
2C). A maximum spin imbalance of 60 to 
70% was observed for our initial state 
corresponding to a probability of 80 10 85% 
having prepared the desired state (7,1), We 
believe that this measured value is mainly 
reduced as a result of our detection metho 
Direct spin-exchange processes emerge during 
the mapping sequence (23) and can lead to a 
mixing of the spin configuration and thus a 
reduction of the measured Néel order 
parameter (37), 


lines). The population imbalance 
at) stays fat for all traces. 


Fig. 3. Spin and population dy- osp 
namics in symmetric double wels. 
The time evolution of the mean 00 
spin Nt) (blue circles) and pop- <4 
ulation imbalance a(t) (brown >" -05 
circles)are shown for three barr 
ter depths wihin the dublewell 05 
potentia: A) Viren = 66, JU= 3 & 
125; BVjen=11,JU=026; 2S oo 
and (Vion =17 &,JU=0088. = 
The measured taces forthespin § = og 
imbalance are fitted with the sum“ 
of two damped sine waves blue SB 9g 
a 
as 
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Time-resolved observation of superex- 
change interactions. The spin dynamics are 
initiated by rapidly ramping down the short 
lattice and thereby the double-well barrier in 
200 is, thus substantially increasing the tun- 
neling and superexchange couplings. After 
letting the system evolve for a hold time ¢, the 
spin configuration was frozen out by ramping 
up the barrier in 200 ys, quenching both J and 
Jex again. The measurement of the ensemble 
averages (7) and N(f) is carried out as de- 
scribed above. 

Thee typical time traces obtained by this 
procedure are shown in Fig. 3. For low barrier 
depts (/U > 1), we observe a pronounced time 
evolution of the spin imbalance 1.41) consisting 
‘of two frequency components with comparable 
amplitudes and frequencies (Fig. 3A). With in- 
creasing interaction enengy U wlative to J, the 
frequency ratio increases, leaving a slow com 
‘ponent with almost full amplitude and an addi- 
tional high-frequency modulation with small 
amplitude (Fig. 3B). The fast component cor 
responds 1 firs-order tunneling due to the 
coupling of ) and |*), which becomes: more 
and more offresonant as the bamer height is 
increased and therefore J/U is decreased. For 
JU <1, itis completely suppressed, and the 
‘only process visible is the superexchange 
‘oscillation (Fig. 3C). For all barter heights. the 
population imbalance (7) stays flat, emphasiz- 
ing that even though strong spin currents are 
‘present in the system, no net mass flow can be 
‘observed for our initial state. We fit the traces 
for NO with a sum of two damped sine waves 
With Variable frequencies « »2x and amplitudes 
Aya For the damping we assume Gaussian 
characteristics with Vedamping constants 12. 
The results ofthe fit are displayed in Fig. 4. For 
Vison = 1S E, (Fig. 4, inset), we can identify 
only a single fiequency component comrespond- 
ing to the superexchange oscillation with AFL 
and full relative amplitude (Fig. 4B), We are able 
to observe this frequency down to 4.8(4) Hz at 


100 
t(ms) 
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IU ~ 0.023 FoF Von = 20 Ep The damping of 
the signal can be explained by the inhomoge- 
ncous distribution of coupling parameters duc to 
the Gaussian shape of the lattice beams, which 
Ikads to a dephasing of the evolution within the 
ensemble. For Vajen > 17E,, additional damping 
mechanisms fike tunneling to empty adjacent lat- 
tice sites (defects) or small residual inhomoge- 
rnoous magnetic fieKd gradients become relevant 
and fimit the measurements (Fig. 4C). 

‘The comparison of the results with the 
theoretical predictions by the simple BHIM shows 
statistically significant deviations at low barrier 
heights, which cannot be explained by our unc 
tainties in the lattice depths, In this region, the 
EBHM can model the experimental data much 
‘more accurately, This can be understood by the 
fact that the interwell interaction energy inereases 
‘with decreasing barrier and begins to noticeably 
influence the dynamies (31). In fict, the EBM 
description yields f(y — om) = U + 3U be and 
therefore directly explains the upward trend of | 
this frequeney difference for small short-lattice 
depths (lig. $2). For lange barrier heights, our 
experimental data are compatible with both mod- 
cls within the uncertainties of the lattice depths. 
However, here the predictions of the EBHM are 
always closer to the measured values, 

Sign reversal of the effective coupling 
parameter, To demonstrate the controllabili 
of superexchange interactions, we investigated 
the spin dynamics with an applied bias on the 
double wells for a short latice depth of 15 E, 
and the same depths for the long and transverse 
lattice as before. Starting with an initial antie 
ferromagnetically ordered state, as above, we 
first let the system evolve in symmetic double 
‘wells (A = 0) for fo= 4.5 ms until the first node 
Adit) = Oof the spin imbalance is reached for the 
state (1) + és))/V2 (Fig. $). After freezing out 
the relative phase between s) and) by ramping 
‘up the potential barrier, a defined potential bia 
4 is applied and a second evolution sequence 
with hold time # = 1 ~ fy is initialized by 
ramping down the short latice again 10 15 £,. 
‘The subsequent detection follows the scheme 
described above, 

Figure SA shows the evolution of the spin 
imbalance N41) in symmetric double wells to- 
gether with the time traces for two diff 
bias enemies A > U, yiekling an effective cou 
piling of Je) = Je A = 0) and JA = 092, 
respectively, The sign reversal of Jey due 10 
the introduction of the bias is directly visible 
by the change in slope of the spin imbalance 1 
‘o, Itshould be noted that the now negative sign 
Of Jeg for bosons does not imply violation of the 
Lich-Mattis theorem, because the new ground 
state in this regime is the spin triplet state [1,0 
and the superexchange couples. the first and 
second excited states. x) and (), which have 
reversed order for A > U (Fig, SB, left inset). 

The introduction of a nonzero tlt leads to an 
increased sensitivity of the exchange frequency 
to fluctuations due to the inhomogeneities in the 
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\wave to the time traces obtained for various tilts 
yields the frequency curve shown in Fig. 5B 
together with the amplitude of the oscillation 
Starting around 50 Hz, the oscillation frequency 


array of double wells, which are most effective 
around A = U. Therefore, the damping of the 
signal due to dephasing is stronger as A ap- 
proaches U. A fit of a single dampened sine 
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Fig. 4. Frequency components of the spin oscillations. (A) The frequencies obtained by fitting the spin 
imbalance data for various values of Vine (ted and blue circles), as well asthe frequency difference and 
the geometrical mean (green and black circles), are compared to the theoretical predictions of the simple 
BHA (colored regions), The width of the regions represents a 2% uncertainty in all lattice depths. The 2c. 
error bars on the fit results and extracted values ae in all cases smaller than the data points. The dashed 
lines are the predictions of the EBHM. The inset shows the data for high barriers, where only a single 
frequency component can be identified, (B) The plot of relative amplitudes versus short lattice depth 
shows the suppression of the firstorder tunneling process toward small values of JU. The damping 
coefficients for the two oscillatory components versus lattice depth are displayed in (C). The error bars 
denote the 2 uncertainties as obtained from the fit results. 


Fig. 5. Sign reversal of 
the supereschange cou 
pling, (A) After a quarter 
‘of a superexchange o5- 
cillation in. symmetric 
double wells (black and 
‘gray dots, JU = 0.08), a 
defined bias is applied, 
leading to a reversal in 
the slope of the spin im 
balance and ongoing os- 
cillations. For A/U = 1.32 
(blue circles), the magi 
tude of the coupling is 
almost the same as for 
A = 0, whereas it is 
decreased to ~50% for 
MU = 1.70 (orange cir- 
les). (B) The fit of the 
data for various tilts to a 
damped sine yields a res- 
‘onance in frequency at 
‘A= U, where the ampli 
tude reverses sign (right 
‘nse. The sold lines show 
the theoretically expected 05 1.0 15 
frequencies forthe given 
parameters. where the Potential bias A/U 
shading reflects the am- 

plitude of the corresponding Fourier component. The left inset shows the three lowest eigenenergies of 
the Bose-Hubbard Hamiltonian versus the potential bias. The error bars denote the 2c uncertainties a5. 
‘obtained from the fit results. 
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wwaches a resonance for AU = 1, where the 
amplitude reverses sign, leading to the observed 
time reversal in the dynamics 

Summary and outlook. We have demonstrated 
time-resolved measurements of superexchanige 
spin interactions between ultracold atoms on 
ncighboring lattice sites and have shown how to 
control such interactions with optical superlat- 
tices. Comparing the measurements to theoretical 
predictions of these spin imeractions from first 
Principles, we find excellent agreement of our 
data to an extended two-site version of the BHM, 
Although superexchange interactions. become 
‘exponentially suppressed for deep optical lattic 
the coupling strength 2Jey/h can be se 
hundred hertz for lattice depths of around 12 t0 
15 E,.and thus almost a factor of 1000 larger than 
the direct magnetic dipole-dipole interaction of 
Rb atoms on neighboring lattice sites. Coupling 
strengths one onder of magnitude larger than the 
‘ones shown here, however, could sil be achieved 
with the use of electric dipole-ipoke-mediated 
spin interactions between ground-state polar 
molecules (35). 

The demonstrated scheme to change the 
superexchange coupling strength and reverse 
the sign of the spin interaction can also be 
applied to the fall UD chain, offering new pos- 
sibilities for engineering spin-spin interactions 
optical lattices. It is now, ext, conceivable to 
engineer a setup with ferromagnetic interactions 
along one and antiferromagnetic interactions 
along another lattice direction, Furthermore, one 
can dynamically switch between ferro and 
antiferromagnetic interactions along a given lat- 
tice direction and follow the subsequent dynam 
ical evolution of the quantum spin system, 

‘When the presented loading scheme is carried 
‘out without any magnetic gradient field during 
the splitting process, a valence-bond solid (VBS) 
type spin state (3, 36) can be ef 
rncered, Such VBS states can be v 
array of robust Bell pairs (37, 38), In principle, 
the superexchange interaction can be changed to 
be of Ising type. et. by tuning the interspecies 
scattering length (/5), Thereby, it can be used t0 
create large entangled states out of the initially 
disconnected pairs, which have been shown to be 
powerful resources for mesurement-based quan- 
‘um computation (13, 39), Moreover, controlling 
the superexchange interactions along different 
litice directions alo offers novel possibilities for 
the generation of topological many-body’ states 
for quantum information processing (/4, 13). 
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Natural Streams and the Legacy 
of Water-Powered Mills 


Robert C. Walter*t and Dorothy J. Merritts*> 


Gravel-bedded streams are thought to have a characteristic meandering form bordered by a self 
formed, fine-grained floodplain. This ideal guides a multibilion-dollar stream restoration industry. 
‘We have mapped and dated many of the deposits along mid-Atlantic streams that formed the basis 
for this widely accepted model. These data, as wel as historical maps and records, show instead 
that before European settlement, the streams were small anabranching channels within extensive 
vegetated wetlands that accumulated little sediment but stored substantial organic carbon. 
Subsequently, 1 to 5 meters of slackwater sedimentation, behind tens of thousands of 17th- to 
19th-century milldams, buried the presettlement wetlands with fine sediment. These findings show 
that most floodplains along mid-Atlantic streams are actually fill terraces, and historically incised 
channels are not natural archetypes for meandering streams. 


dered by a selFformed, fine-grained flood- 

plain emerged as the characteristic river 
form based on pioneering studies in mid-Atlantic 
and western streams of the United States (4). 
Toxtay, this ideal—of alternating pools an rifles 
along sinuous channels with gravel point bars 
and fine-grained overbank floodplain deposits 
‘duides a mulibillion-dollar stream restoration in- 
dustry (5, 6). Many streams in the lowereliet 
tectonicaly inaetive mid-Atlantic Piedmont of the 
United States are deeply incised, with steep eroxl- 
fing banks, ane! carry ancenalously high amounts 
‘of suspended sediment (7), Fine-grained deposits 
bordering many eastem streams are thicker than 
would be expected from just their recent flood 
deposits (/, 3), These Holocene deposits typical- 
ly form broad surfaces, referred to as the “valley 


T: ‘meandering gravel-bedded stream bor- 
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fat” that were imerpreted as floodplains formed 
‘by a combination of migrating. meandering stream 
channels and overbank deposition of silts and 
clays (/, 3. 8} The geometry of single-channel 
rcandering streams has been viewed a the result 
of selfadjusting hydraulic variables in response 
to changing discharge and sediment foad, and 
agriculture and urbanization have been cited 
Widely as the causes of recent aggradation and 
degradation (2, 3.4, 8-10). This pattem of stream 
development and morphology has been con- 
sidered as typical of streams and rivers in stable 
Fandscapes. 

We observe that crests of breached, historic 
milldams menge with valley-flat surfaces. and 
that most modem streams are incised dceply 
‘below this surface. This observation Jed us 10 
hypothesize that a rapid, regional transformation 
oof stream valleys had occurred in eastem North 
America, from widespread aggradation as a r= 
sult of damming (basc-level rise) to subsequent 
incision and bank erosion duc to dam breaching 
(base-Fevel fall. We propose that valley segimen- 
tation not only resulted from accelerated hillslope 
erosion caused by deforestation and agricultural 
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development (8, 17) but also was coupled with 
‘widespread valley-bottom damming. for water 
power, aller European settlement, from the Late 
17th century through the early 20th century 
Danning was essential tothe extensive tapping 
‘of sediment in broad valley Mats that correspond 
to reservoir surfices, 

We tes this hypothesis by examining the foe 
Jowing lines of evidence: (i) historical accounts 
of widespread, intensive water-powered milling 
that impacted most firs 10 third-order streams 
in the mid-Atlantic region: (ii) historical maps 
showing multiple dams and ponds, and our ob 
servations in the fiekd and fiom light detection 
and ranging (LIDAR) data of aggradation in 
these ponds that caused sedimentation upstream 
into tributaries and swales: (if) historical, geo 
Jogical, and geochemical data. showing rapid 
sedimentation in valley bottoms during the p= 
riod of early land clearing: (v) field observations 
and remote-sensing data, including LIDAR, 
showing that downstream-thickening wedges of 
sediment grade 10 milldam heights and, hence, 
that dams produced temporary, higher base 
levels: and (9) field observations and laboratory 
data showing that the momphologies and func- 
tions of presetlement streams were substantially 
different from those of modem streams. We 1 
visited the same streams and specific reaches 
cused in carly studies that pioneered modem fhi- 
vial geomorphology, including fundamental ideas 
regarding meander migration, floodplain forma- 
tion, hydraulic geometry, and fluvial response 10 
land clearing. These streams include the Brandy- 
‘wine River (in Pennsylvania and Delaware) and 
Seneca Creek, Watts Brinch, and Wester Run 
(in. Maryland) (I-4, 8, 9, 11), all of which lie 
within the Piedmont physiographic province 
of the mid-Atlantic region. In all, we studied 
Piedmont streams in 20 watersheds throughout 
Pennsylvania and Maryland (drainage areas 
from [1 0 1230 km’; fig. SD). 

Milldam history. Dam building for water 
power in the eastern United States began in the 
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late 1600s and persisted until the early 1900s, 
Dams and races that delivered water from the 
ond upstream of a dam were built to run iron 
forges, fumaces, mining operations, and—most 
‘commonly —mils; we refer to all ofthese water- 
powered activities as milling, Before the adoption 
fof steam engines during the late 19th century, 
‘every mill required  milldam reservoir to supply 
relatively constant head and reliable supply of 
Water, Early American settlers brought milling 

osw 


sow Sw 


(71 siate boundaries in 1840 


tcchnologics from Europe, where thousands of 
Waterpowered mills ined streams as carly as 
1100 CE (12) [sce supporting online material 
(SOM) text, table S4, and fig. SS]. Milling ine 
lensified with economic growth in early Amer- 
ica, and dozens of mill acts dating to the 1700s 
encouraged mill and dam building. Our analysis 
Of historic records in Lancaster County, Penn- 
sylania, for example, indicates that peak mill 
development was from 1780 to 1860, but water- 
ow aw 
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Fig. 1. Density of water-powered mills along eastern U.S. streams by 1840 by county (872 county 
boundaries are shown for 1840). The highest densities are in the Piedmont and the Ridge-and- 
Valley physiographic provinces of Maryland, Pennsylvania, New York, and central New England. 


‘ig. 2. Historic 19th-century milldams (triangles) on Piedmont streams in York, Lancaster, and Chester 
‘counties, southeastern Pennsylvania, located from >100 large-scale township maps dating to 1876 


(York), 1875 (Lancaster), and 1847 (Chester). The total number of dams shown is 1025. Main stems of 
Conestoga (Lancaster) and Brandywine (Chester) rivers are highlighted in dark blue. 
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powered milling extended from 1710 10 1940. 
(Our county-by-county compilation of US. man- 
‘facturing census data reveals >65,000 water- 
powered milly in 872 counties in the eastem 
United States by 1840 (13) (Fig, 1). Wi 
powered milling was especially intensive in the 
mid-Atlantic Piedmont region along and west 
ofthe fall line, where stream gradients are con- 
ducive to milldam construction and shippi 
ports of the Coastal Plain are in close proxi 
(eg, Wilmington, Delawa 
sylvania and Baltimore, M 


ity 
: Philadelphia, Penn 
ind), The Piedmont 
provided the bulk of manuficturing and agri- 


cultural goods to port cities and a lange portion 
fof the wheat and flour for mid-Athantic shipping 
(415), 

Historic maps show locations of mil build- 
ings, millponds, and races dating to early 
American history. and historic photos of dams 
date 10 the late 19th century, Lancaster, York, 
and Chester counties, Pennsylvania, have large= 
scale mide to late 19th-century histori maps 
fiom which we located 1025 milldams (Fig, 
‘which is similar to the number of mills recorded 
fn the 1840 U.S, manufacturing census, From 


county historical societies and the Pennsy vania 
commonwealth’s inventory of dams, we 
acquired photographs and reconts of hundreds 


) 
‘of about $400 dams in the 
commonwealth, of which 4100 are breached, 
and estimates that 8000 to 10,000 more might 
exist (/6), These estimates result in an average 
density of 0.14 to 0.15 dams per km? for the 
commonweakh of Pennsylvania, The possibility 
‘of 16,000 10 18,000 dams in Pennsylvania. is 
consistent with the ~10,000 mills listed for 
Pennsylvania in the 1840 U.S. manufacturing 
census, considering that mill and dam building 
continued throughout the 19th century, In Chester 
‘County, Pennsy ania, for example, which includes: 
much of the drainage area of the Brandywine 
River, the 1840 US. manufacturing census fis 
379 water-powered operations, and our exami- 
nation of historic maps fiom the 18408 10 the 
1860s revealed at least 377 dams. The Brandy 
swine Valley contained “the most notable con- 
centration of mill industries in the colonies,” 
‘with 60 paper mills alone in 1797 (17), Using 
1840-cra county boundaries, we calculate a 
density of 0.19 milldams per kin in Chester 
County, which is only slightly greater than the 
density of waterpowered mills in other Pied- 
‘mont counties of Pennsylvania, Maryland, and 
Virginia calculated from the 1840 U.S. man- 
lactating census data 

Our field observations and LIDAR analysis 
(1 > 200 millpond reaches) for the Conestoga, 
Brandywine. and Codonus Rivers (among others) 
fn Pennsylvania, and for Westem Run, Seneca 
Crock, Watts Branch, and the Monocacy River 
in Maryland (figs. S1 to $4), demonstrate a series 
of ageradational wedges of fine-grained sodiment 
that thins and extends upstream of dams on all 
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of these streams for several kilometers. Aggri- 
ational impacts extended upstream to many un- 
dammed tributaries as well, as a result of 
backwater effects, 

Low streamn gradients (0,001 to 0,004 in the 
Piedmont) and low to moderate dam brights con 
trolled milldam spacing: typically, one dam was 
placed every 2.4 to 5 km along the Brandywine, 
‘Conestoga, and Codonus rivers, Seneca Crock, 
and Western Run, Historic photos and our fickl 
‘observations indicate that early milldams spanned 
centre valley bottoms of what ane now first, 
second, and third-order streams (fig. $3). Such 
streams comprise greater than 70% of stream 
Jength in the region, and damming them would 
have a substantial impact on a large portion 
‘of watersheds, including upstream tributaries 
Milldam heights: were generally 2.8 to 3.7 m. 
Diteet step calculations (/8) imply that How 
Velocity would have been reduced by as much 
as 60% at Kast 1 10 3 km upstream of milldams 
(ow reduction ix impacted to a greater extent 
by higher dams and/or lower stream gradients), 
‘Our estimates of trap efficiencies (19) of 60% 
for Piedmont reservoirs suggest that sedimenta- 
tion rates would have been high dusing periods 

accelerated soil erosion, Various early Amer 
mill acts ed the raising of dams 
and compensation for flooded lands, 


Burled Holocene 
wetland 


Which were common occurences, also indicate 
‘that milldams had well-known backwater effect 
‘on valley bottoms (see SOM text). Because of 
these backwater effects, later mill acts. were 
passed to control mill crowding (17, 20) (see 
SOM text). Historical accounts also show that 
rmilldams altered the original stream ecology: (i) 
In 1731, settlers tore down a milldam on the 
Conestoga River because it was ruining the 
local fishing industry. and (i) in 1763, a petition 
cited complaints regarding the abundance of 
milldams on the Conestoga River “as destroying 
the former fishery of shad, salmon, and rock 
fish, which were before in abundance, and the 
tributary streams had plenty of trout—all now 
gone” (20), 

Stream sediments, Basal on gcochemical 
and stratigraphic analysis of sediments exposed 
in stream banks (-100 sites) and samples from 
45 backhoe trenches and >110 hydraulic cores 
in adjacent fill terraces, we constructed a com 
posite stratigraphic profile for a representative 
Piedmont stream (first to third onder) (Fig. 3) 
Similar profiles have boen described throughout 
the Piedmont, from South Carolina to Pennsy- 
Vania (X, 22-24). The bedrock (weathered) 
valley floor typically is overlain by: (i) a thin 
(0.5m) bed of angular to subangular quartz- 
rich gravel: (i) a thin (<O.S- 10 I-m), dark 


300-10,000 yrs BF (46) 


1 
700 


00 


Distance (m) 
Fig. 3. Streams throughout the mid-Atlantic region (ee also figs. $1 and $2) have similar charac 
teristics: vertical to nearvertical banks consisting of 1 to 5 m of laminated to massive fine-grained 
sediment overlying a Holocene hydric soit and a basal gravel overlying bedrock. (A) Wester Run, 


‘Maryland. 


) Big Spring Run, Pennsylvania. Scale bars in (A) and (B) are marked in 0.5-m increments; 


the banks in A) and (B) are ~2.2 and ~1.4 m high, respective. (O Conceptual model based on composite 
stratigraphy from multiple sites, including stream-bank exposures, trenches, and cores. 
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(black, 1OYR 2/1), onganic-rich silt loam; and 
(Gi) a thick (1-10 S-m) pale to yellowish brown 
sequence of fine sand, si, and clay [commonly 
refered to as silt loam and clay loam; U.S 
Department of Agriculture (USDA)Natural Re- 
sources Conservation Service classification), EX- 
ceptions to this typical sequence occur where 
stream channels were diverted along valley 
walls (¢.2, to drain valley bottoms for agricul- 
ture) or where stream beds were mined for metal 
ones and 


gravel, 

We interpret the dark, organic-rich silt loam 
2 to 9% by weight total carbon in the <2,0-mm 
faction) above the basal gravel as a buried hy- 
Aric (wetland) soil (tables St and S2), Through- 
‘out the region, this hydric soil contains abundant, 
well-preserved woody debris, seeds, nuts, 100ts, 
algal mats, and pollen, and sometimes is a peat 
With mosses. At multiple sites, we observe de- 
iduous tree stumps (which often show evidenee 
of having been logged) rooted in this stratum 
and corduroy (wooden log or plank) roads upon 
fs surface, The overlying fine-grained, pale brown 
sediments are lower in organic matter (~1 10 2% 
bby weight total carbon in the <2.0-mm fraction), 
generally horizontally bedded, typically fincly 
laminated, and contain rare lenses of subrounded 
gravels and historic amifacts that include brick 
fragments, cut logs and planks, and picces of 
coal, Seventy radiocarbon dates from this buried 
‘wetland soil (simples of Wood, ke 


the present (table $3), indicating that these soils 
accumulated and stored organic matter thr 
‘out the Holocene epoch. We estimate that these 
valleycbottom wetlands were eflieient earban 
sinks, storing from 2.5 « 10° to 1.35 = 10° ke 
‘of carbon per hectare that now is buried beneath 
ic sediment (25), 
We interpret the underlying gravels as de- 
term (10° to 10” years) hillslop. 
crosion and denudation of the landscape. Many 
may have formed from downslope movement 
sociated with episodic periglacial processes 
snd tundra conditions during the late Pleistocene 
‘or earlier. The predo ff quarts, a highly 
resistant mineral, and the position of these col- 
Juvial gravels beneath pervasive Holo 
slacial hydric soils support this deduct 
We constrained the timing of millpond sedi- 
mentation using 2°Pb geochwonsto " 
historic documents. Analysis at two 
historic sediment is 1 and $m thick indicates 
that secular equilibrium for?Pb is reached at a 
depth of 1S t0 20 em below the surface. This 
finding indicates that sediments near the surface 
‘were deposited by 1850 or carier and that these 
slackwater reservoirs reached sediment storage 
capacity by at least that year (fig. $3). At mul- 
tiple sites in Maryland and Pennsylvania, we 
observe groves of lange trees estimated to be up 
10 150 years old on valley fill deposits. This is 
consistent with fssil seed and pollen evidence 
showing that a riparian forest became 
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established cirea 1850 in an estuary fill deposit 
in the upper Chesapeake Bay, after peak 
sedimentation from the watershed occured 
between 1840 and 1880 (27). Historic air photos 
dating to the 1930s and maps dating to the early 
1800s indicate that ponds diminished in size until 
the mid-to Ite 1800s and became stable swamps 


and meadows thereafie, until dam breaching and 
incision. 

‘The characteristics of the prescttlament sedi- 
ments and organic material suggest that valley 
bottoms were broad, forested wetlands (alder 
shrub-scrub) with small shallow (<I-m) anabranch- 
ing and chain-of-pool streams that experienced 


A 


Fig. 4. Methods for locating dams and assessing their impact on reservoir sedimentation, subsequent 
‘channel incision, and bank erosion with high-resolution LIDAR. (A) Long profile of Little Conestoga Creek 
and West Branch Little Conestoga Creek extracted from LIDAR-derived DTM (digital terrain mode), 
depicting locations of milldams (black and red vertical bars). The lover (blue) line for stream profits 
‘approximates the water surface, whereas the upper (red) line approximates banks above streams (ie., 
reservoir fil surface). Dams shown in black are still in place; those in red are breached, some only 
partially. The influence of dams on relative terrace height is apparent, such as at kilometer 7, where the 
Lake Mill dam és stl in place on the Little Conestoga. The area in the dashed box is illustrated in (B) and 
(©. (B) Hillshade rendering of LIDAR-derived DTM clearly depicts the low-gradient reict millpond surface 
‘along the valley cortidor. Note that channel incision occurs upstream of the breached dam (denoted at 
bottom) but not upstream of the partially breached dam ("existing dam,” denoted in middle). This 
difference is documented in (C), which maps the height of the terrace surface above the stream water 
surface. Upstream of the breached dam, the terrace i up to 3.2 m above the water surface, rising 
upward toward the dam in the downstream direction. Upstream of the unbreached dam, the terrace 
height is less than 1 m. Light and dark gray contour tines in (C) are 2- and 10-m intervals, respectively. 
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fiequent overbank flow, which is consistent with 
accounts by early explorers of ubiquitous swanpy 
meadows and marshes fed by springs atthe base 
of valley sideslopes (28), The upper surface of 
the dark hydric soil has low relief and typically 
extends across valley bottoms [sce Fig, 3 and 
valley cross sections in (8, 24)). Along rural 
section of Western Run northwest of Baltimore, 
Maryland, for example, we followed the modem 
dcply incised channel from one side ofthe val 
ley to the other and mapped a Holocene hyd 
‘wil (buried beneath 2 m of historic sediment) for 
the entire distance; no buried channel deponit 
‘was encountered, and at times the hydric soil 
became more peaty and rested directly upon 
balrock. This regional network of small streams 
and Jow, vegetated islands within the flood zone 
‘was probably impacted heavily by beaver dams 
and small ponds, which eould explain the lack of | 
buried stream channels at all sites observed to 
date (29), Plant fiagments and seeds extracted 
fiom these buried hydric soils indicate oblig 
and facultative wetland species, including vari 
fous hydrophytie trees, shrubs, sedges, rushes, 
and cresses, Groundwater flow throughout 
valley-bottom gravels would have supplied a 
ncar-continuous base flow 10 these We 

Recent responses, In the past 100 years, many 
hisioric dams have been breached as mills were 
abandoned. Breaching has led 10 incision of 
ssreams into the milldam reservoir sediments and 
to locally heavy erosion of steep stream banks. 
High-resolution (15-cm-vertical) LIDAR data for 
the Conestoga River and Westem Run indicate 
that dan height controls stream-bank h 
depth of incision) above the water surfice 
‘These remote-sensing observations are consistent 
with ou fic studies, which encompass a mud 
greater arc. Fill terraces inerease in height down 
stream toward the tops of reached dams and then 
drop to the level of backwater effects fiom the next 
slackwater reach downstream, By mapping 
channel banks on high-resolution digital ortho- 
‘Photos from the early 1990s to 2005 for Lancaster 
and York counties, Pennsylvania, we estimate that 
bank erosion rates are >0.2 nnvyear locally and at 
east 0.05 myear along many stream reaches up 
stream of 20th-century dam breaches. In Mary- 
Jind, stream cross sections monitored for 41 years 
in a study of meander migration and floodplsin 
formation near the headwaters of Watts Branch, 
Maryland (2, 9), are located <1 ki upstream of a 
breached 19th-century dam, which was not 
eoognized by previous workers. This dam 
supplied water from a millpend to Wooton's Mil, 
‘which operated until 1905 (ig. $4), Our historic 
research indicates thatthe dam breached sometime 
between 1905 and 1952, The higher vallesflat 
surfaces upstream of the dam are interpreted here 
fillieraces rather than floodplains, even though they 
‘might receive occasional overbank flow. Although 
previous workers intepreted late 20th-century 
enlargement of the channel to upstream urbaniza- 
tion, we propose that enlargement was a natural 
response to dam breaching and incision. 
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Where dams are unbreached or partially 
breached, deep incision has not yet occurred, 
and streams are shallow and wide as they spill 
‘over the historic dams. In some eases, more re 
cent dams have been constructed within incised 
channels near the site of older breaches: many 
‘ofthese second-generation dams are also breached 
In Pennsylvania, these inset dams typically were 
‘constructed in the late 18005 19 carly 1900s, 
Increasing channel width at a breached dam 
site on the Brandywine River during the past 
~100 years is consistent with 671 repeat measure- 
ments of fair to excellent quality for hess than 
bankfull discharge at the Chadds Ford US. 
Geological Survey (USGS) gage station, which 
is located between two closely spaced breached 
mitldams (see SOM text). Our analysis of these 
data indicates that the ratio of wih to discharge 
for a given discharge range inerwased from 04 
to 0.5 between 1908 and 2007. This inerwase 
‘Yiekls an estimate of at least a 10-m inerease in 
‘channel width, likely resulting from bank ero 
sion, since 1908 and is consistent with (i) our 
mapping of bank erosion along this reach, Gi 
air photos from 1937 to the present that show 
channel widening, and (id) the marked rise in 
suspended sediment loads recorded at this gage 
station from 1964 to 1978 (USGS dats; see 
SOM text), Similarly, we calculate a power fune~ 
tion exponent of 0.26 for the relation between 
width and discharge at the Chadds Ford gage 
station, whereas an analysis of hydraulic geom- 
cetty relations in 1955 yiekled an exponent of 
(0.17 (3). A 0% inerease in this exponent dur 
ing the past ~$0 years is consistent with chan- 
nee evolution by lateral erosion and Fong-term 
\widning ater incision in response to dam breaeh- 
ing (30) 
Similar to earlier studies (2, 3, 8), our mea 
‘surements of sediment size indicate that modem 
cchannnel-bed sediments are much coarser grained 
(Course sands and gravels) than the fine sedi- 
ments (mostly silt and elay and some sand) that 
are exposed along stream banks. We attribute 
this difference not to a meandering stream that 
deposits ravel in bars and silt and clay on 
floodplains during overbank flow but rather 10 
inerwased flow velocities and shear stresses that 
accompany deep incision of streams into fine- 
‘grained millpond sediment. After dam breach- 
ing, incised channels have shear stresses >S to 
10 times as high as those of presettement stam 
(shear stress is proportional to water depth and 
slope) and, consequently, are capable of trans- 
Porting Pleistocene gravels that eroded from the 
buried toes of hillslopes (Fig. 4). Further, bank 
erosion removes. not only vast amounts of 
Postsettlement alluvium but also wide arcas of 
Holocene wetland soils and Pleistocene basal 
‘gravels that covered stream valleys in this region 
since the end of the last ive aye 
‘To assess the impact of bank erosion on sei- 
ment load of the modem streams, we collected 
'7Cs data on sediments from several southeast- 
fem Pennsylvania streams and stream banks. 
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Cesium-137, produced by atmospheric nuclear 
bomb testing, reached its peak production in 
1963 and ceased in the mid-1970s with the 
banning of atmospheric bomb tests. This non- 
natural isotope readily infiltrated surface 
‘ments and is strongly adsorbed onto the surfaces 
Of fine-grained soil particles (37, 32). It thus 
[provides a metric for sediment loads and surface 
erosion (33), Comparison with suspended load 
data from gage stations indicates that 30 to 80% 
of suspended sediment is derived from bank 
erosion (25). Historic stam-bank sediments, 
Which we measured at 15 sites, abo have high 
levels of total carbon, nitrogen, and phosphorus, 
ranging from 0.5 to 3.1% (C), 400 10 2100 pans 
‘per million (N), and 340 to 958 ppm (Py; thus, 
‘bank erosion is contributing to the high nutrient 
loads of many of these streams (25). These 1e- 
sults are consistent with bank erosion rates and 
With sediment and nutrient toads measured in 
‘other watersheds in the United States and around 
the workd (34-36). 

Condlusions. We conclude that Muvial agera- 
dation and degradation in the eastern United 
States were caused by human-induced basc- 
level changes fiom the following processes: (i) 
Widespread mitklam construction that inundated 
resettlement valleys and converted them into a 
series of linked stackwater ponds, coupled with 
deforestation and agricultural practices that in- 
creased sediment supply; (i) sedimentation in 
ubiquitous millponds that gradually converted 
these ponds to sediment-filled reservoirs: (ii) 
subsequent dam breaching that resulted in chan- 
ne! incision through postsettement alluvium and 
accelerated bank erosion by meandering streams; 
and (iv) the formation of an abandoned valley- 
flat temace and a lower inset floodplain, This 
evolution explains why so many eastem streams 
have bankfull (discharge) heights that are much 
ower than actual bank heights. Assessments of 
bankfull dischange are crucial 10 estimates: of 
flood potential and to design criteria for stream 
restoration 

Early workers considered westem and cast- 
‘em streams in the United States to have similar 
‘origins and forms [compare with plate 2 in (1). 
However, westem streams are in a more tecton= 
ically active region, generally have high stream 
‘gradients, and carry substantial bed-load fiac- 
tions, whereas eastern Piedmont streams are in a 
{ectonically quiescent region, have how stream 
‘gradients, and largely did not camry gravel (or 
‘even much fine sediment) during the Holocene 
before formation of modem incised channels. 
Formation of gravel bars in the wake of eroding, 
meandering channels, followed by overbank 
deposition of fine sediment, was not the natural 
process of floodplain formation in the eastem 
United States before mill damming and subse- 
‘quent channel incision afer dam breaching. Valley 
bottoms along eastem streams were characterized 
bby laterally extensive, wetland-dominated sys- 
tems of forested meadows with stable vegetated 
islands and multiple small channels during the 
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Holocene. These findings are consistent with 
research on streams in the Pacific Nonthwest, 
‘which revealed that large woody debris from 
forested riverine areas was critical to geomor- 
pic processes and habitat before logging, chan- 
nl clearing, and ditching during the late 1800s 
to early 19005 (37-39), In particular, Jogjams 
blocked channels and ted to the formation of 
side channels and floodplain sloughs, producing 
‘multiple anabranching channels and riverine 
‘wetlands that are in stark contrast to the lan 
single channels that exist in these streams today. 

‘Our results explain the unusually thick depos- 
its of fine sediment in stream banks relative to 
the limited amount of modem overbank depo- 
sition (/,3). They also explain the lack of levees 
fon mid-Atlantic streams (/); the great contrast 
between fine stream-hank and course streambed 
‘material; the observation that eastern (incised) 
saicams, in comparison with westem stcams, 
change litle in width as dischange increases at a 
station (3, 10); and the anomalously high sus- 
pended sediment and nutrient loads measured in 
Piedmont streams (7) 

Postsettlement milldam construction and 
rnllpond sedimentation were rapid and pervasive, 
‘This process inundated, buried, and sequestered 
resettlement wetlands and altered regional 
stream functions probably within two generations 
of settlement. Our field and historical research 
shows that stream valleys were once lined with 
rnillponds, which then silted in 1 form bread, Hat 
bbotiom lands. The modem, incised, meandering 
sarcam is an artifact of the rise and fall of mid- 
Atlantic streams in response to human manip~ 
‘ulation of steam valleys for water power, Our 
results indicate that a substantial portion of moxl= 
cm suspended sediment and nutrient loads could 
bbe due to dam breaching and erosion of reservoir 
sediment, which is consistent with studies of m= 
cent dam removals elsewhere inthe United States 
(40.41), 

‘These conclusions change the interpretation 
of hydraulic geometry in castem U.S, streams 
that és based on the archetype of an “ideal me- 
andering river form’ and imply the need to 1e- 
consider current procedures for stra restoration 
that rely on reference reach conditions and the 
assumption that eroding channel banks. are 
natural and replenishable. The current condition 
of single gravel-bedded channels with high, fine= 
semaine tanks and relatively dry valley-flat sur= 
faces disconnected from groundwater is in stark 
‘contrast to the presettlement condition of swampy 
meadows (shrub-serub) and shallow anabranch- 
ing streams described here. 

This work has implications for interpretation 
of alluvial sedimentation and stream chann 
form and evolution in Europe as well as in the 
United States. Tens of thousands of mills existed 
throughout Europe by the 18th century, andl it is 
possible that European streams have been re 
sponding to anthropogenic base-level rise and 
fall for up to a millennium (SOM text and fi 
85). We propose that widespread mid- to late 
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medieval alluviation and burial of pre-Roman 
onganic-rich soils observed in “all lowland and 
piedmont river valleys in Britain and much of 
Nomthem Europe” (42) might have been the re 
sult of mill dammin 
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Lhx2 Selector Activity Specifies 
Cortical Identity and Suppresses 
Hippocampal Organizer Fate 


Vishakha S. Mangale,** Karla E. Hirokawa,?* Prasad R. V. Satyaki,”* Nandini Gokulchandran,!* 
Satyadeep Chikbire,* Lakshmi Subramanian,” Ashwin S. Shetty,’ Ben Martynoga, Jolly Paul,” 
‘Mark V. Mai,” Yuging Li,* Lisa A. Flanagan,® Shubha Tole,*t Edwin S. Monuki?*t 


The earliest step in creating the cerebral cortex is the specification of neuroepithelium to a cortical 
fate. Using mouse genetic mosaics and timed inactivations, we demonstrated that Lhx2 acts as 


‘a classic selector gene and essential 


trinsic determinant of cortical identity. Lnx2 selector activity 


is restricted to an early critical period when stem cells comprise the cortical neuroepithelium, 
where it acts cell-autonomously to specify cortical identity and suppress alternative fates in a 
spatially dependent manner. Laterally, Lhx2 null cells adopt antihem identity, whereas medially 
they become cortical hem cells, which can induce and organize ectopic hippocampal fields. In 


addition to providing functional evidence for Lhx2 selector a 


cortical hem is a hippocampal organizer. 


Cr genetic analyses in Drosophila 
have described the roles of “selec 

ones (J-3), which drive developmen 
tal patterning events by cell-autonomously 
specifying cell identity, suppressing. altemative 
fates, regulating cell affinity, and positioning 
developmental borders that offen serve as se 
‘ondary signaling centers The LIM homeobox 
gene Lix2—a vertebrate ortholog of the well 
described Drosophila selector gene Apterous 
(Ap) ()-—has been postulated t0 act as a selec 
tor gene in the developing mouse cerebral cor- 
tex (4) Lhy2 is expressed in cortical precursor 
cells but not in the adjacent telencephalic dorsal 


ity, these findings show that the 


midline, which consists of choroid plexus 
spithetium (CPe) and the intervening cortical 
hom, a secondary souree of bone morphogenetic 
protein (Bmp) and wingless-int (Wnt) signals 
igs. SI and S4) (4, 5), Previous studies in- 
dicate that the hem is required for hippocampal 
induction and/or expansion (6, 7), but evidenc 
that the hem is sufficient to induce and organize 
hippocampal tissue has been lackit 
tional Lhx2 null embryos (“standard kno 
‘or sKO) (8) possess exces 

at the expense of hippocampus and neacortex 
, 5). Although this is consistent with a selector 
gene phenotype, the basic issue of cell autonomy 
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could notbe resolved, becauseacelhawtonomous gi 

2 tatincaton (concciobemrs coud Te, teal Se 
not be distinguished from a nonauionomens E85 to 105 cia 
hhemCPe expansion as a result of defects in period, A) Double foo 
conical precursor proliferation (8). resent in sits ybviioa- 

The preneurogenic critical period. Lin? ton GSH), boxed regions 
expression arises in the Forebrain before neuru- enlarged (ight. AtE1O.5, 
lation and is strong in the comical newmepi- — coieal Uh, geen) and 
thelium, but absent from the dorsal midline, after hem (Ll, red) markers 
neural tube closure (fig. St, A and B) At cm overlap. By E125, this 
bvyonic day 10.5 (10.5), Lhx2 and Lane ahem oveap is reduced (row 
marker) displayed substantial spatial overlap, heads). Scale bars, 100 
which became markedly reduced by E12.S (Fig, 1m Hoechst panes, 300 
1A) (4, 3), These pat festa cross- sm), (B) Lda BH. By 
suppression mechanism (2) regulating cortex-  £10.5, the excessive hem 
hom ell Bue and comtbutng phenotype (dated lines 
border (CHB) formation and refinement. Con- % resent in U2 KO ee 
sistent with this, Lhx2 sKO embryos displayed Ulan. Scale bar 300 ym. (© Ternporalinacthation studies Wnt3a ISH. E12.5 cKO hem expansion (dotted 
cee UonHis TB he Sih theo. tie) simian after £05 ACTe) or E35 (RCE) ications but inapparent after E105 inacthvations 
Fev overlap damit (ie SID) by R103, R26CteER or Emre). Scale bar, 300 um. (D) Quantification of hemedorsal telencephalon area ratios Wnt3a: 

noverip domains igs S1D) by EOS. gz ares ie Br leat conto ak brs U2 KO mutans err bars, SEM: est P< 0.05; 
fi hae ding the eral ria he "P< 105, Unless otherwise note, llimage henceloth are coronal ection, medal let. 


inactivations with an Lhx2 conditional knocks 
(cKO) mouse (fig. $2) (9). Lh? inactivation 
E05 (ACTBCre driver) (10) oF EX.S (tamoxifen- 


cortex-hem 


indusible R26CTCER diver)\( 77) ean EZ FB, 2, Clastnomous — (ff 
hemespendonor dni dal cencepac qumendws eles 5 
phenotypes that were qualitatively and quantita- — <2c5- (A) In control ESC gat * 
thet achat (Fig 11C od Dood dg. ars, meoneal EC d : 
3A) (/2), This indicated a critical period starting ells intermix randomly “ 
onoe a Sando cml UKs ah on et re a 

Tamifen (TM)-twedoed recombination terlag is mal, (B = Emxt — Wint2b 


typically occurs within 48 hours of axiministra- and €) Unx2-null cells in Lhx2 mutant chimera c___ bhx2 cko 
tion (J, 13). To test E10, mutant ESC chimeras (GFP- 
endpoint, we used E10. TM. injections or — positive els in (B)] o in 
EmxtCre, which drives dorsal telencephalon-  tamoxifen-generated cKO 
ic Cre recombination by E10, (/4). Both mosaics [Unx2-negative 
strategies resulted in subtle to inapparent E12. Patches in (©) do. not 
phenotypes (Fig. 1, © and D, and fig, S3A). xpress Foxgl, Emu, or 
This defines EX.S to E10.5 as the critical period Pax6 in_medial cortical 
for hem suppression by Lhx2, period when the 'eg}0nS arrowheads. in 
cortical ncurogpithelium is composed almost ¢x- (Ol Surrounding wild- 
clusively of stem cells (/5) and is not yet 'YPe cells express these 


producing definitive cortical plate neurons (/6).  Tatkers fopen arrow- 


; heads in (B)]. Laterally, 
U2 selector atv atthe molecsar level (nasal cele expres 


! nbiguowsly. We Fogg but not Eid ack 
xd Lhx2 null mosaics using two com-  Srowheads in (Bl. 
rY methods: (i) mouse embryonic stem Sd) Una-nul els ex- 

tion chimeras (17, 18) using press cortical hem mark- 
we fluorescent protein (GFP)-expressing ers Lmxla, Wnt2b, and 
Lhx2 null ESCs derived from Lhx2"" matings Wnta medially [arrows 


Department of Biological Scences, Tata institute of (0), arrowheads in (E)] 
‘aseee ocala eee i ot ary 
ment of Developmental and Cell Biology, School of Bio- dorsal telencephalon [ar- 
logical Sciences, University of California Irvine, vine, CA rawheads in (D)). Scale 
92697, USA Department of Biology, Smarthmore College, ar mere 

elec ime A conticmonrpceets 5.300 umd de Lncta 
‘and Experimental Therapeutics, Department of Neurology, Cephalon; ad 
Pe feerear jmylarare 
Se i oe ee rece 
ee eee aN anaes 
aces em 
ee ean aa anid aaa 
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To examine cell 


So 


s 


xia [ines 


SC chimeras) 
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(lig. S4) 


antiserum (/2) 


Whereas control ESC chimeras had ran- moss 
of GFP-expressing cells and 
normal dorsal telenceph 
null cells in mut 
wosaics clustered into patches. Null 
nedial cortex displayed down- and D, and 
sence of cortically expressed mutants (4, 5), the “hem compe 
mutant ESC chimeras and €KO mosaics com 


dom distributi 


2A), Lh 
and cKO) 
patches with 
regulation or 


5 


J (ii) low-dose TM injections at ES.S tical identity 
in Lhx2 cKO mice (/2). To identify null cells in 
Lhx2 cKO mosaics, we des 
aan alfinity-purified Lhx2-specific polyclonal ular (Tie) 


eloped and validated 


x1, Foxut or Pax6 (Fig nd C, and 


conte 


fig. SSC) and ectopic induction of hem markers prised the medial telencephalic wa 


Linxta, Wnt2b, or Wnta (F 
These results establish a ec 
for Lhx2 in the molecular spe 


Fig. 3. Hem and anti- 
hem fate expansion in 
Un2 skO and ESC chi- 
eras. (A) In E12.5 con- 
trols, false-color overlay 
of Wnt2b (green) and 
Dbx1. (red) expression 
shows hem and anthem 
domains separated wide- 
ly by the relatively large 
cortical (neocortical and 
hippocampal neuroepi- 
thetiom. (B) in E12.5 Une 
KO brains, hem (green) 
‘and antihem (red) are 
both expanded and meet 
with no intervening cor- 
tical_-neuroepithelium. 
(© Schematics of mutant 
dorsal tetencephatic phe- 
ratypes illstrating how 
the complete absence of 
hippocampus and neo- 


cortex is unique to the Unx2 mutant (4, 5, 28-30). AH, antihem; H, hem: Hippo, hippocampus; Nex, 
neocortex. (D) Lhx2-null cells in ESC chimeras express Wnt2b medially (arrowheads) and Dbx1 laterally 
(open arrowheads), confirming ectopic cel-autonomous adoption of hem and anthem identity, respectively 


2, D and E). tended son 


GFP images in (D) are assembled from multiple frames. Scale bars, 200 ym. 


Fig. 4. Unx2 on-off 
state confers differen- 
tial cell affinity, 12.5 
mosaic. (Lhxz*™*®; 
R26") and con- 
trot (thx2*o"*; 
R26™™) littermates, 
after 5 sug per gram 
of weight TM in- 
jection on €5.5. (A) 
X-gal histochemistry 
(blue) and Lhx2 im- 
munohistochemistry 
(HO (red), with cor 


responding dot panels. X-gal-positive cells in mosaic animals are scattered, 
«ells in mosaics form contiguous patches. Dotted lines 
designate pial surfaces. Scale bar, 50 jum. (B) Quantification of recombined 
cells (black circles) completely isolated from nonrecombined cells. The 
percentage of completely isolated X-gal-positive cells in Lnx2 cKO mosaic 
embryos (9.8%) was similar to that calculated in R26R embryos lacking the 


whereas Lhx2-negati 


; amXoal 
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1d. suppression of hem fate. 
Lhx2 null embryos have 
hem (4), no molee- 
momphologic (epithelial simplifica- 
tion) evidence of ectopic CPe was detected 
¢ embryas (Fig. 2). Thus, Lhx? activity 
cortical stem cells specifically regulates a 
rather than cortex-CPe fate decision, 
‘The cortey-to-hem transformation in Lhx2 
null cells was spatially dependent (Fig. 2, B 
fig. $5). Similar 1 Lhx2 sKO 


distance laterally but did not 
include the entire pallium. Lateral Lhx2 null 
patches did not express hem markers or the 


definitive cortical marker Emx1 but had 
reduced Pax6 and unaflected Foxg! levels 
(Fig fig. SS). This marker profile 
terizes the subpalliunt; however, like Lhx2 sKO 
mutants (4, 5), subpallial genes DIN}, Dlx2, and 
Mash! were not ectopically induced in lateral 
Linx2 null patches (fig, $4), 

Emxl absence, with Pax6 and Foxgt pres 
cence, also characterizes the antihem, a putative 
sccondary signaling center at the later 
of the pallium (19, 20). Striki 
specific marker Dix was induced in lateral 


extreme 


ns of the Lhx2 sKO. 
lon (Fig. 3, A and B, 
fig. $6). Adjacent sections demonstrated an 
Linx2 sKO pallium composed almost exclusive- 
ly of antihem and hem fies (Fig. 3B). Lhx2 
activity in cortical precursors therefore suppres 
s2 1Wo altemative fites (hem and antihem) at 
the edges of eortex and results in an Lhx2 null 
pallium devoid of hippocampal and neocortical 
identity at the mokeular level (5), a distinet 
phenotype anscription factor 
mutants (Fig. 30), 

Unx2 selector activity at the cellular level, 
In mosaic embryo 
null cell clusterin 


Hong corti 


ral 
elsewhere in the 
forebrain (Figs. 2 and 4). Conversely, wild-type 
(Lhx2-positive) dorsal telencephalic cells also 

ed in mutant ESC chi 


enwvepha- 


ras and often 
B and D, and 
not displayed. by any 
Linx? null cell aggregate, To examine clustering 
further, we compared E12.5 distributions. of 
cells recombined for L/ix? or an unlinked locus 
(70826) using the low-dose TM strategy, Both 
qualitatively and quantitatively, Lhx2 null cells 
displayed significant clustering throughout the 
dorsal telencephalon, whereas rsa26 recom: 
bined cells did not (Fig. 4, A and B, and fig. $3, 
B and ©), Taken together, these findings indi 


mosaic M2) 


Lhx2 


U2 KO allele (8.5%). (C) Lhx2 IHC, Compared with controls, the medial 
LUnx2-negative domain (between arrowhead and asterisk) in mosaic embryos is 
enlarged. Scale bar, 100 jm. (D) Three-hour in vitro aggregation (21) of 
14.5 EmvclCre;Uhx2 cKO mutant and control littermate cells. Cels in mutant 
mutant mixes distribute randomly, whereas cells in mutant-control mixes 
segregate into discrete clusters. Scale bar, 25 ym, 
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cate that both Lhx2. 
have homophilic affin 

In mutant ESC chimeras, including those 
containing a yery low percentage of dorsal tel 
encephalic ESC incorporation, the endogenous 
contical hem invariably contained Lhx2 null cells 
(fig. $4), consistent with loss of Lhx2 conferring, 
hem identity, Lhx2 null cells in these chimeras 
also preferentially colonized the dorsomedial 
eorex. To examine this further, we inspected 
Lix2 and rosa26 recombined cells in low-dose 
TM embryos, Whereas masa26 recombination or 
accumulation did not display a dorsomedial bias 
(fig. S3C) (20 sections fiom thre embryos), the 
dorsomedial tclencephalon in the KO. almost 
invariably displayed an enlarged Lhx2-negative 
domain (Fig, 4C) (50 of $4 sections from four 
embryos). Lhx2 null cells therefore preferential 
ly colonize, son, andior migrate to the endoge- 
nous hem and dorsomedial cortex, 

To determine whether cell surface properties 
account for differential clustering in vivo, we 
performed short-term in vitro aggregation 
studies (21), Mixes of Lhx2 mutant and control 
littermate cells displayed significant segregation 
compared with mutant-mutant mixes within 
3 hours (Fig. 4D) (82"% versus 37% segregation 
0.01), The Lix2 mutane-mutant 
sgation ratio (37%) was similar to control 
for embryonic cont 


ull and Lhx2-positive cells 
preferences. 


Fig. 5. Multiple hippo- 
campal fields induced by 
ectopic hem cals in U2 
null ESC chimeras (A, D, 
F, andi) At E155, contol 
Prox1-positive dentate 
granule cels [arowhead 
in (O)} have accumulated 
after migrating along a 
curved trajectory [pink ar- 
row in (A), arrow in (O) 
KAL expression [arrow in 
(Pl identifies the adjacent 
hippocampal field CA3. 
Wotab-expressing cortical 
hem is reduced to the 
fimbria. ventricular sur- 
face {open artonhead in 
(W), @, EG, and ) In 
mutant chimeras, GFP ex- 
presion and Prox stain- 
ing (same section) show 
dentate cells [arrowheads 
in (B] juntaposed to U2 
mutant patches. [open 
arrowheads in (B) and 
(Q} and an adjacent re- 
gion of KAL expression 
farrows in (Gi), x2 mu- » ¥ : 
tant patches. express ya 

Wnt2b in the ventricular xs P| 

zone [open arrowheads in all “a 

(). (€ and H) Overlay of 

(8), 6), and (G) shows rox1-expressng cel arranged around the KAL patch, suggestive of a migrating stream 
[arrows in (0. Images in (B) and (© assembled from multiple frames. Scale bars, 300 jum. in addition 1o molecular markers, LhX2 specifics 
comtex versus hem fies atthe level of cell sur 
face properties that drive differentia cell clus 
tering in vivo, 

Une2 selector activity at the functional level. 
Because definitive evidenoe for hem activity as 
ir has been lacking (23), we ex 
‘anined whether ectopic hem cells exerted cell 
nonautonomous effects on neighboring wik-type 
(Lix2-positve) cortical tissue. In E1S,$ mutant 
ESC chimeras, Wat2h expression in Lhs2 null 

tricted tothe vet 


Control Lhx2 mutant chimera 


SI), Justaposed 10 the ectopic Wath 
Jins were Prox -expressing regions (dentate 
granule cell marker) (Fig, 3, C and E) (24), 
Which adjacent to Kal /-expressing 
clusters (hippocampal CA3 fick! marker) (F 
5. € and G) (25), thus recapitulating the normal 
hem-dentate-CA3 spatial relationships. Multiple 
Prox /KAI patches were created at considerable 
distances from their normal locations (Fig. 5, D 
and F) and at several rastrocaudal levels. Within 


in tum Wer 


Fig. 6. Structural organization of ectopic hippocampi in Unx2-null ESC 


chimeras. (A and B) AtE17.5, Prox immunostaining labels the control dentate ‘jy rie Sophie err aaa 
gyrus and two morphologically distinct dentate gyri in the mutant chimeric ~) Si ple PORT kg wie pay 
ivain (open arrone). (0) A phace contrast image of an adjocent section revenls Se ass adjacent to the ectopic bem tissue (ao 
that the normally continuous celldense layer of the CA fields has spt in the ¥ heads in Fig. SE), which suggests recapitulation 
cimerk bran Garrod. (F) This soit layer coresponds to two tinct Aeranon's of nomal dentate cell jon pattems (Fig 
horns, labeled by CA3+DG marker Unx9. (D and E) Nestin immunostaining SA), Notably, all Prox! and KAI patches were 
labels the contro radial glial palisade and marks two such patisades in the limited to wild-type tissue, consistent with 


mutant chimera, which take a curved trajectory (red arons) from the ventricular zone, terminating adjcenttothe _cell-nonautonomous effect by ectopic hem cells 
two dentate gyi (open arrows). (G) Schematic of migration paths in chimeric brain (pink arrows, dentate; ue and an inability of Lhx2 null cells to take on 
arrows, CALCAB). Images in (A, (B),(D), and (E) were assembled from multiple frames hippocampal i 


ites. 
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By E17.5, hem size and Wnt expression are 
nonmally diminished; correspondingly, ectopic 
hem patches were offen undetectable. None- 
theless, one chimeric hemisphere displayed two 
distinct Proxl-expressing dentate gyri oriented 
in the same direction (Fig. 6B), Notably, each 
_zyms was associated with its own presumptive 
Ammon’s hom (Figs, 6C), as well as an inde- 
pendent radial glial palisade (Fig. 6F), a sca 
folding that guides the migration of dentate cells 
(26), The two nigial glial palisades originated 
from widely separated positions in the ventric~ 
ular zone, with intervening regions correspond 
ing to CA field origins (Lixo) (Fig. 6, F and G), 
consistent with hippocampal duplication, Wat 
signaling is alo known to organize the radial glial 
paliside (27), providing a basis for both the 
specification and organization of ectopic hippo- 
‘camp that form adjacent 1 ectopic hem patches. 

Ectopic induction of muhiple hippocampal 
fields was also apparent in another E17.S 
hemisphere that contuined detectable GFP- 
postive cells distant from the endogenous hem 
(lig, S8). These patches were associated with 
ectopic expression of dentateCA3 marker Lino 
adjacent to CAV neocortex marker SCIP, which 
appeared between Lhx9-positive domains (fig 
SX), indicating the presence of distinet hippo 
fields at a considerable distance from the 
hippocampus. 

Discussion, The molecular cellar (affinity), 
and functional (organizer and responder activ~ 
ities) evidence for elassic selector functions (/) 
define Lis? as a cortical selector gene. Lh? se- 
Fector activity is specifically required by cortical 
stem cells, without which these cells eventually 
adopt hem or antihem fits rather than hippo 
‘campal oF neocortical identities. Lhix2-negative 
hem cells, in tum, act noniautonomously on 
LLhx2-positive cortical cells to induce and patter 
hippocampal tissue, The absence of neocortex 
and. hippocampus in Lhx2-null embryos. con- 
trasts with the preservation of one or both of these 
conical structures in Pax6- Fowl and Emx!/2 
null mutants (Fig. 3C) (28-30), These tran- 
scription factors ae therefore likely to act ater 
Lhx2, with Fox! being a mediator(28) of Lhx2- 
dependent hem fate suppression (fig. S9). Lh? is 
itself downstream of Six3 in zebratish (32), 
\Which is required to form the entire rostral pros 
cencephtlon (32), suggesting that Six3 creates a 
rostral forebrain fick! within which Lhx2 spec- 
*s cortical iemtty. The similarities between 
Lhx2 in the cortex and Ap in the Drosophila 
dorsal wing compartment—which specifies cell 
identity (dorsal), suppresses alternative tite 
(ventral) and conters differential afinity proper- 
ties that position a signaling center (dorsoventral 
‘wing boundary) (33, 34)—are striking. Thus, con 
served Ap/Lhx2 selector functions, as demonstrated 
in human/ly rescue experiments (35), apparently 
extend to the mammalian cerebral corte. 

Cross-suppression and differential affinity 
are typical mechanisms used by selector genes 
to make tissue borders (2), and our studies 
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implicate Lhx2 selector activity in CHB forma- 
tion and refinement. CHB refinement may also 
involve cell sorting and/or migration (Fig. 4C), 
Differential aflinity is typically central 10 cell 
Tineage restrictions at tissue borders (2), and 
previous studics provide evidence for lineage 
restrictions at the CHB. Wata-Cre (7) and 
Gaf7-Cre lineage analyses (4, 36), as well as 
Frizaled10-lacZ. studies based on evidence for 
lacZ. perdurance (37), indicate strong confine- 
ment of hem precursors from E105 1 E125 
and D6-Cre fincage tracing provides. similar 
evidence from the cortical side of the CHB (3%). 
‘Together, these data imply that the CHB is an 
Lix2-dependent lineage boundary. As both a 
developmental compartment and secondary sig- 
naling center, the hem may share similarities 10 
the aona limitans intrathalamica (ZLI), a sec- 
‘ondary Sonic hedgehog (Shh) production site 
that also displays lineage restriction (39). 

Although Lhx2 also regulates the cortex- 
antihem border (CAB), Lhx2 roles at the CAB 
‘and CHB probably differ, because Lx? is ex- 
‘pressed in a continuous fashion across the lateral 
ppallium-ventral pallium (antihem) border. How- 
ever, Lhx2 docs not regulate the pallial 
ssubpullial boundary (PSB), which instead relies 
fon Pax6 selector gene activities (2, 5, 4). 
Moreover, Pax6 is required to generate antihem 
(9), Thus, reduced but maintained Pax6 ex- 
pression in lateral Lix2 null cells sullices to 
maintain antibem and suppress subpallial fates 
(40), allowing distinct CAB (Lhx2-dependent) 
and PSB (Paxé-dependent) formation mecha 
nisms to be distinguished (fig. S9). 

That ectopic hem cells can induce and 
‘organize ectopic hippocampal tissue in a cell 
onautoniomous fashion provides definitive fune- 
tional evidence that the hem is a hippocampal 
‘omganizer, These hem functions may occur be- 
fore E125, because previous explant studies did 
not uncover hem onganizer activity at this stage 
(4D), Hem organizer activity is likely mediated 
bby Wnt signals (6, 27, 42, 43), whereas Bmps 
may specify hem fate rather than hippocampal 
identity (4, 44, 43). Ff, a rostromedially local- 
iad signaling molecule, may serve as an inter- 
imediary, because itis inhibited by Bmps and in 
tum suppresses Wat expression (46). Our findings 
extend the known cary interactions of the Bmp- 
Fgf8-Wnt signaling mechanisms at the telenoe- 
phalic midline. Within this signaling framework, 
Lx? plays a dual role in suppressing hem fite 
While specifying the fate of hem-responsive tis- 
suc 1 allow for hippocampal specification within 
the Lhx2-positive cortical fick 

References and Notes 

1 A Gorcio-Belio, Cibo Found. Symp. 0, 161 (1975). 

2D. levine, Rous, Ano. Re, Celle. Biol. 27, 
189 (000. 

3. PA lamence, 6 Strub, Cell 85, 951 (1996) 

‘© ES Mori, FD. Porter, © A Walsh, Newon 32, 

591 @ooD. 

‘5. 5 Bulehand, EA. Grove. FD. Pore, 5. Tol, Mech, Dew. 

100, 165 2000. 

6 S.M tte, 5 Toe € Grove. AP. Mdtahen, Development 

127, 457 (2000). 


7. ML Yoshida, 5. Assimacopoues, KR Jones, EA. Grove, 
Development 133, 537 2006). 

1. FD. Porter eto, Development 124, 2935 (1997). 

4, Materials and methods are avaiable a8 ppatng 
‘material on Science Online. 

10, ML Lewandodi EN. Meyers, G.R. Martin, Cld Spring 
Hor Symp. Quant Biol. 62, 159 (3997), 

111. Badea, ¥. Wang, } Nathans,, Neurosci. 23, 2314 
2003). 

12, Aditonal material is availble at waw.ucbs uc edul 
“smpathologyacllyemonukiindex html, 

1, 5. Hayashi A. P,Mellahon, Dev. Bi 244, 305 (2002). 

14. KL fin ef ol, Biochem Biophys. Res. Commun, 270, 
‘978 (2000). 

15, ML Gotz, W. 8. Mune, Not. Rex. Mol Cell Biok 6, 777 
(2005). 

16, I. Takahashi, 5, Nowakowsi, V. 5. Cavines Jr, 
E Neurosci. 35, 6046 (1995). 

7 V. ya eto, Stem Gels 23, 965 (2005). 

1B. A. Nagy, M. Geren, K Viet e lin 
‘Monipdtng the Mowe Embyo: A Laborotry Monwo, 
‘A. Nagy, K Vetter, R Beringer, £4. (Cold Spring 
arbor Press, Cold Spring Harbor, NY, 2003) pp, 453-506, 

19. 5. Asimacopaues EA, Grove, CW. Ragsdale, 
4 Neurosci. 23,6399 (2003), 

20, L Poeles et ol, J, Comp, Newol. 424,409 (2000), 

21M Got, A Wenmann, 5, Reinhardt A. Lumsden, 
1. Pie, Neuron 16, 551 (996), 

22, A Stokow, M. Gotz, P. Gus, J Price, Development 
324, 3765 1997). 

23, GU, 5} lear, Dev, Neurosci, 27, 93 (2005). 

24. A Bagi et ol, Development 129, 249 (2002), 

25, $. Tele, C Christian, EA. Grove, Development 124, 4959 
agen. 

26, ML Rickmann, 0. G. Amaral, W. M. Cora, L. Comp, 
‘New 264, 449 1987), 

27. Ch. Bho, C. daa 5} Pore, Nevrese 24, 121 (2008), 

2A. L Mutha A. Mallamack, J Newrost 25, 4435 (2005), 

29. K Shino, M. Yoshida, M. Nakamura, 5. Azam, 
Y. Sua, Alech. Dew, 122, 475 (2008) 

30. A Stoyloa, 0. Trichel M.Hallone,P. Gras, 
1. Newrosc. 20, 8042 (2000), 

31, H. Ando ef a Dev. Bik 287, 456 (2005). 

32. 0. V, Laut eta, Genes Dex, 17, 368 (2003) 

32. SS. Sait, D.L Brower, |. 8. Thomas, M. Zaortink, 
Development 120, 1805 (3994). 

34. FJ. Dar Beojumea, 5. M. Coben, Coll, 741 (1993), 

35. DE. Ricon-Limas a, Proc. Natl Acad. Sc USA. 96, 
2165 (1999). 

36, 0.5. Cure, x. Cheng, C ML Hou E. 5. Monuki, 
Development 132, 3549 (2005). 

37. C Zhao, W. Gun 5. |. lease, rin Rex 1077, 48 004). 

38, 0. Machon,C..van den Bout, M. Backman, R. Kemer, 
5. Kauss, Newroscence 122, 129 (2003). 

39. C Kicker, A lumaden, Not Rev. Neurosci 6, 353 (2005), 

40, 1.1 Koll, 0.0. O'Leary, Proc. Nat. Acad. Si USA 
102, 7374 2005). 

4. 5. Tole, EA. Grove, J. Newosc, 21, 1580 (2000. 

42. |. Gleran, EM. Miystitatin, E Devaney, | Lenten, 
Groachedh Development 127, 469 (2000, 

43. 0. Machon eto, Dev, Biol 341, 223 2007). 

444 | ML Hebert, ¥. shina, 5. K McConnell, Neuron 35, 

4 

“ 


1029 (2002), 
X Gheng eto, J. Newosc. 26, 7640 (2006), 

1. Shimoga V. Baruch, H.¥. No, J B. Straus, 
EA Gove, Development 131, 5639 (2008). 

47. LEH. ete fist author forthe cKO component and 
‘SAK, PRS. and NG are the fist ars forthe ESC 
mera component ofthis study. We thnk T, Boehm, 
\V. hss, E. Grove, E. Lai, 0. Ma, R Maurer, Mien, 
and) Rubenstein or ts of plasmid ON FD. Peter for 
‘U2 mutant breeding pin; the University of Caf 
trv (UD Transgenic Mouse Facity for ESC targeting and 
‘gereraton ofthe Lb ck mouse; the Tata iste of 
Furdamertal Reseach Animal Howe and UC Univesity 
abort Amal Resources staf or excell suppor, 
Cfu, Ry, B Gus and G. Asie for technical 
‘supp in cKO analyses, S. Kumar (Centre for Cedar 
‘and MlectarBilogy, ina, §. Mani (ational Bain 


wawsciencemag.org 


Research Centre, In), and M.Pancker (atonal Centre 
for Biclgical Sdences, ini) fr training in ESC ard 
chimera techniques and M. Tee-Teved fr tmely 
asstunce in manisctigt preparation. Tis work was 
supported by 2 Suanajyart Felowship (Department of 
Science ad Techcloay, Govermert ofa) and 
Welcome Trust Senior Feowsip 05668429972 (5.1), MH 


‘Nv02029, IH WS053S11 the Whitehall and March of 
Dimes th Ones Fndatins (ESA, ME AG23SE3 
(LAF), a taetg flontip fem the puma Deepmert 
ard fom the Bish Coundl LAL, pedo felons 
from the Department of Betececlay Governmert of 
‘ea (VSM and.) Kamal Rei Career Development 
dard (5, and MM waiing rat NSOTEES (KEK), 


‘Supporting Online Material 
sew clencemag.orgeaicontentfull3199586/308/0C1 
Materials and Methods 

Figs 51 1059 


12 Ociber 2007; accepted 29 November 2007 
10.1126/cience.151695 


| 


Million-Degree Plasma Pervading 
the Extended Orion Nebula 


Manuel Giidel,"*?** Kevin R. Briggs,” Thierry Montmerle,* Marc Audard,®” 


Luisa Rebull,* Stephen L. Skinner” 


Most stars form as members of large associations within dense, very cold (10 to 100 kelvin) 
molecular clouds. The nearby giant molecular cloud in Orion hosts several thousand stars of ages 
less than a few million years, many of which are located in or around the famous Orion Nebula, 
a prominent gas structure illuminated and ionized by a small group of massive stars (the Trapezium). 
‘We present x-ray observations obtained with the X-ray Multi-Mirror satellite XMM-Newton, revealing 

that a hot plasma with a temperature of 1.7 to 2.1 million kelvin pervades the southwest extension of 
the nebula. The plasma flows into the adjacent interstellar medium, This x-ray outflow phenomenon 


must be widespread throughout our Galaxy 


1¢ Orion Nebukt (M42, Fig. 1), together 
With its parent Orion Molecular Cloud, is 


the prototypical massive star-formation re 


sion (/), in which thousands of stars are forming 
3) Many forming 


from collapsing cloud cores (2. 
stars are surrounded by mokeular envelopes or 
show circumstellar disks ane bipokar jets (4). 


stars of the Trapeziui gr 
tant member being 'Ori C (5), This 
thin layer of ionized (HII) gas lying on the sur 
face of the background molecular cloud, with 
the ionizing stars offset toward the observer 
There is foreground veil of neutral material th 
confines the central cavity, To the southwest o 
the Huy, jon. the brightness drops rapidly 
aas one views the much larger Extended Orion 
Nebula [EON henceforth (6)}. Fonized gas flows. 
through the thin bout 10. ke 
then into the southwest cavity (5, 7,8), wher 
density of 30 cm? 


ayer at 


or somewhat hig 
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much lower than the 10* cm”? in the Huygens 
ion (5). The geometry of the EON is not well 
understood, but it must be confined on the far 
side by the molecular cloud 
laterally bounded by neutral gas and dust. 


nd seems 10 be 


3 


The Orion Nebuls has been a fi 
(of x-ray satellites for 30 years (/0-12), the Chandra 
X-ray Observatory having detected almost every 
single Orion member star as a vigorous x: 
source in a 17 are min-by-17 are min fickd cen- 
tered on the Trapezium (/2). In this paper, we 
describe deep x-ray observations with the X 
Multi-Minor satellite XMM-Newton (/3) th 
wal much wider spatial cov 
The half-degs 
is cemtered to the southwest of the Trapeziun 
almost fully covering the EON cavity 
XMM-Newton’s chi 
(CCD) came 
covering this region (Fig, 2A), 


re of the region, 


diameter field we discuss he 


rge-coupled device 
is (4, 15) observed several fickds 


nbined 
bly of 


shows the anticipated 
x-ray bright stars but also exhibits a faint, ex 
tended structure in the EON, roughly consisting 
of a brighter patch in the north and a more ex: 
tended area in the south, Overlaying the x-ray 
extended structure on an inffared image taken by 
the Spitzer Space Telescope (at 4,5 and 58 ym, 


1 parsec 


my 


‘cavity 


bright langs " 


Extended Orion Nebula (EON) 


Fig. 1. The Orion Nebula in the optical tight (UK Schmidt telescope). [Copyright Anglo-Australian 
Observatory/David Malin Images] Features described in the text are labeled. The bar in the upper 
Fight corer gives the length of 1 pc (3.1 x 10" cm). North is up, and west is to the right. 
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Fig. 2. The Orion Nebula with its 
hot gas bubble. The xray image (A) 
is color-coded for photon energies 
in the 0.3 to 7.3 keV range (red to 
blue). The diameter of each of the 
near-irular fields ts 30 arc min 
5 po), and the angular resolu 
tion is about 5 arc sec. (B) On the 
same scale, the excess diffuse emis- 
sion in the 0.3- to 1-keV band with 
respect to the hard band extracted 
from the longest observation (16) 
in blue, overlaid on 3 composite 
4,5-um (green channel) and 5.8m 
(red channel) mid-infrared image 
from the Spitzer Space Telescope, 
X-ray point sources have been re- 
moved, and the residual image has 
been adaptively smoothed (26). The 
iensty cae & logarithmically com- 
pressed. The white contour shows 


the detector field of view for this x-ray observation. IRAC, Infrared Array Camera. North is up, and west is to the right. 


Fig. 2B), we see that the x-ray feature fills in the 
a yeen the infrared structures. formed by 
dense warm dust, such as the shocks (6) in the 
‘west and bright lanes in the south of the cavity 
The spectrum of the extended emission (Fig. 3) 
shows a strong (unresolved) O VII Tine triplet at 
0.55 keV, indicative of | to 2 MK plasma, Fitting 
ay spectra with a hot plasma mod 
want temperature of 1.7 to 2.1 MK. 
(16). The observed s-ray luminosity is propor- 
tional to the product of the square of the elec 
tron density, ns and the volume, F the so-called 


the detived x. 


volume emission measure (EM = n2V), for 
the spectra fit found 1.5 < 10 = 03 

10 em SD) and 19 = 10 = 03 = 10 env? 

for the northem and southern area, respectively. 


Emission from hotter plasma is also present in 
the spectrum but has been successfully modeled 
as residual counts from the (incompletely) ex: 
ised point sources that show much harder 
‘emission than our extended structure (/6). The 
much harder stellar emission and the absence o 
a dense group of young stars in this region in 
the Spitzer im 
not be unresolved stellar emission but 


genuinely diffuse. 

Chandra has not detected any diffuse x-ray 
emission in the central Huygens region (I7), 
‘most likely because the dense veil of neutral gas 


located in font of this region, but not of the 
EON, absorbs soft x-rays, The very low neutral 
ras column densities we measured in the spectra 
Of the two regions of observed difluse x-ray emis- 
sion [Ny = 4.1 10° = 0.7 = 10 cm? for the 
northem region and <1 em’? at the ler level for 
the southem region} support this view and con- 
cclusively demonstrate thatthe hot plasma is located 
n font of the dense molecular gas and therefone 
her thin, optically visible ionization 
front on the surface of the molec 

The energy requirement to heat the large-scale 
cemitting plase 
comected intrinsic x-ray 


also the 


luminesity of the ob- 
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a South 
Noxth a 


X-ray spectra of 
diffuse emission 


Residuals 


Pee 


05 1 


channel energy (keV) 


Fig. 3. X-ray spectra of the diffuse emission. The red and black spectrum refer to, respectively, the 
northern bright patch and the southern more-extended structure in Fig. 2. The error bars attached to 
‘each data point reflect 1c errors from counting statistics. The solid histograms represent a model fit to 


the spectra on the basis of emission from a thermal plasma (16) The bottom graph gi 


residuals. The green spectrum shows the contribution 
diffuse emission 


served diflase source is Lx. 10" em s* 
the 0.1- to 10-KeV range (or 10’ 
pe*: additional absorbed radiation may be 
present). Although massive molecular flows 
nate ffom within the embedded cloud 1 
their velocities are typically <100 km (18), too 
slow to shock-heat the gas to the observed te 
peratures. The total power in fast microjets ejected 
by the numerous young stars falls short of the 
observed x-ray power by about two orders of 
magnitude (4). The structure of the Orion Nebula, 
y 3 My (/9)], and the absence of 
naaio shell structures (9) angue against a hot 


s the fit 
from stellar x-rays to the spectrum of the northem 


supemova bubble such as those observed in star 
forming regions in the Lange Magellanic Cloud 
(20). The only efficient eneney source is provides! 
by the fast winds from the hot Trapezium star 
The wind fiom @' Ori C alone has a kinetic en- 
ergy rate Ly = MV2/2 = 7 = 10" ery 8 [A 
8 = 107 Mo year! is the massoss (2/), 
and V, = 1680 km sis the wind terminal ve- 
locity (21) ie. four onders of magnitude kuger 
than the observed Lx: the high velocity wind can 
casily heat the observed plasma, 

The ionization structure and dynamics of 
the Orion Nebula is very complex and not easily 
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accessible to comprehensive modeling (5), We 
gain insight by applying a sim- 
) 


, however 
plified, classic interstellar bubble model ( 
This model of a massive star wind interacting 
With a surrounding uniform neutral gas yields 
four quantities: the radius of the shocked wind 


bubble, Ry its temperature and atomic density, 
Ty and vy: and its luminosity, £4: using as input 
parameters the density 1g of the as surrour 


the expanding wind bubble, the stellar aye ¢, and 
the wind parameters 7 and Fy, Because of the 
weak power-law dependence on the input ps 
rameters, Ty is wbustly of the order of | MK 
and iy is of the onder of | em? [with 1g = 10° 
em? (8) and t= 10° year for 0! Ori C 
Ty = 24 MK and my = 1.3 em), Given the 
simplistic model, the computed bubble radius, 
Ry = 3.9 pe, is acceptably clo 
served EON cavity radius of 
dees cntirely 
confined (in contrast to the model) by the sur 
rounding molecular material 


‘The cavity depth is Hike to beat hast 09 pc 
[the distance between the absorbing veil and the 
ionization font in the Trapezium repo (3) and 
no more than 4 pe (fora spherical volume filling 
the EON cavity). With the estimted projected 
‘areas of 0.24 pe and 14 pe? for the northem and 
the souhem difse x-ray regions, respectively, the 
observed x-ray emission measures sugeestclo- 
tron densities of ng = 0.2 to 05 em and 0.1 to 
0.2 cm, respectively. Because the density of the 
fo-eniting mails =10 40 1000 times high 
rand its temperature of 05 » 108 0 1» 10® Kis 
200 40 400 times lower (5, 9), the two pressure, 
p= 2ndT, are comparable; that is, pressure cqui- 
libsum approximately holds between the HII 
and the hot plasma if they are in contact. This 
suggests yin which plasma is com 
fimvusly replenished. Three, the ho xray 
is Hay to be ehankl by the cooks, doer stu 
tures rater than disrupting them by expansion 
Extapotating 1 the ent cavity (Fig. 4 ov 
ity radius ~ 2p), the above densities suggest 


Fig. 4. A multiwavelength view of the Orion Nebula region. The four panels show identical regions; 
the width of each panel is about 42 arc min, corresponding to 4.9 pc at a distance of 400 pc. (A) 
Diffuse x-rays (in blue) superimposed on a Spitzer infrared image (Fig. 28); (B) an infrared image 
(3.6 jm plus 4.5 jum plus 5.8 yim composite from the Spitzer Space Telescope); (C) an optical 
image (trom the UK Schmidt telescope) [copyright Anglo-Australian Observatory/David Malin 
Images]; (D) same with radio contour overlays {from the Very Large Array, observed at 330 MHz 
(9), reproduced by permission of the American Astronomical Society]. The dotted contour outlines 


the area where most of the detected dif 
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ie soft x-ray emission is located. 
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total mas in the hot gas of 0.07Mo (for both 
scemetric models). The mass loss rae of 0" Ori C, 
8 1077 Mo year” (21), implies replenishment 
of this gas in only =10° years, much shorter than 
the radiative cooling time of 18 to 3.9 My de 
rived from the density of the southern source. 
Because nearpressune equilibrium has been es 
tablished, the hot gas must flow out of the cay= 
ity in the form of an x-ray champagne flow (7) 
in the case of our observed plasma, mass con- 
servation far the wind of 6! Ori C impli a plas 
sma bulk velocity of a few 10 km 5, depending 
‘on the adopted geometry for the channel con 
fined by the cavity. This outflow phenomenon 
may be common to all massive star-forming re 
gions. The existence of wind-powered extended 
xray emission, theoretically predicted over 30 
was demonstrated only recently 
obs 
regions like M17 and Rosette (spectral 
types OS and earl, or Me> 60M), the hot 
however showing harder emission (17), He 
contrast, we suggest that diffuse x-tay emission 
n chassic, Orion-like HI 
less massive O stars 


jons of very massive st 


is commonly present 
regions that host few 
with powerful winds, 
The most likely outlet for the flow is 
the nearby Eridanus superbubble discovered 
by the Réntgen satellite (ROSAT) (23). This 
thot bubble, 20° in diameter (=140 pe), is 
wht to be the result of several supemov. 
explosions having ken place in previous gen- 
crations of Orion OB stars 24), The wind- 
shocked gas leaking from the Orion Nebul 
would thus continuously replenish the Eridanus 
superbubble, Also, the Orion Eridanus. region 
has been known 10 emit 1.809-MeV gamma 
rays, corresponding to the decay of “AL in less 
than a million years, Although the exact site 
remains uncertain, AI production by the Orion 
massive stars, past or present, followed by fun- 
neling into the Eridanus superbubble, has been 
suggested (25), Our x-ray observations provide 
explanation for the existence of such 


J other star-forming yal 
intain a network of x-ray 
bubbles and plasma flows, cool 
on years but continuously being replen- 
ished by shocked winds from a mult 
modest Orion-like star-forming, rey 
leaking out from the parent molecul 
in addition to being fed by discrete, 
supemova explosions 


References and Notes 

1 5. W. Stablr, F. Palla, he Formation of tors 
(ey VOX, Weinheim, Germany, 2005) 

2. ML} McCoughvean, JR. Souter, Astron, J. 108, 1382 
(a9, 

3. LA Hillenbrand, LW. Hartmann, Actophys: J. 492, 540 
998, 

4 | Bll, CR. O'Dell ML J. MeCaughrean, Astron, J. 119, 
2919 (2000). 

5. CR O'Dell Annu Rev. Aston. Astrophys. 39, 99 
oon. 

6. W.]. Heaney et a, Astron J. 133, 2192 2007) 


18 JANUARY 2008 


311 


| REPORTS 


2 


1. G Tenoro-Tagle, Astron Astrophys. 72, 59 (1979). 

1, W.) Henney, 5,1. tur, ML. Gaea-Diaz, Atopys | 
627, 813 (2005) 

9. R Sabrahmanyan, W. M. Goss, D. F. Malin, Astron. 
324, 399 (2000, 

10, WoW, Ku, G. Chanan, Asropbys ) 234, 189 

(979), 

MAR, Gagn 

445, 280 (1999). 

2, ED, Feigelson eo, Asbophys J. Supp Ser. 160, 379 
(2008), 

1, F- Jaen et ol, Aston. Astrophys. 365, U1 2001). 

14, L Stride ef al, Aaron. Astrophys. 365, 18 (2000, 

ML], L Tamer tol, Aston. Astrophys. 365, 27 

(coo), 

16, Materials and methods ae avaiable as supporting 
material on Science Onin. 

17, LK Townsley eto, Astrophys, J. $93, 874 2003) 


ila}. R. Statler, Astrophys J 


3B. CR Oat, T. Dai, Asven. |. 125, 27 (2003) 

19. F Palla, 5. W. Saber, Atopiys. J. 525, 772 
‘A959 

20. LK Townsley et l Astron. 132, 2140 2006). 

21. C Letherer, Astrophys J. 326, 356 (1968). 

22. Castor, R McCray, R Weave, Astros. 200, L107 
4975). 

BB. DLN. Barons, KF. Singh JA. Nouseh G. P.Garmire, 
A Good, Asropiys. J 406, 97 (1993. 

24, A Slaaon, in The Physes of Stor Formation ond Earty 
‘Evoltion,C.) Lada, WM. Klis, Es. lamer, Dordrecht, 
Netherlands, 1990, vol. C342, pp. 125-154 

25, R Deel M. Aaron. Rev. 46, $47 (2002) 

26, We thank 0. Mabe for providing the ptical image of 
the Orion Nebula taken with the UK Schmit telexope 
{and grating pemision to weit and R.Subrabmanyan 
land the American Astronomical Society for grating 
‘permission 1 regoduce the ratio pane in Fig. 4D. This 


research is based on obserations obtained with XMM- 
Newton, 2 European Space Agency (ESA) science mission 
‘th insruments and cantnbutions dvecy funded by 
SA member sates and the United States (WASA). MLA. 
acknowledges support fram a Swiss National Science 
Foundation Professorship (PPOO2-110504), and SS rom 
NASA grant NNGOSGEEIG. 


‘Supporting Ontine Materiat 
owe chencemag orleontentfll 1149926001 
aterls and Methods 

Figs 51 t0 53 

Table $1 


30 Aegust 2007; accepted 15 November 2007 
Published online 29 November 2007; 

YO. 126/cience. 1149926 

Ince tis infarmation when cting this pape. 


Elementary Structural Motifs in a 
Random Network of Cytosine Adsorbed 
on a Gold(111) Surface 


Roberto Otero,’* Maya Lukas,*t Ross E. A. Kelly,”t Wei Xu,” Erik Langsgaard,? 
Ivan Stensgaard,” Lev N. Kantorovich,” Flemming Besenbacher’s 


Nonsymmetrical organic molecules adsorbed on solid surfaces may assemble into random 
networks, thereby providing model systems for organic glasses that can be directly observed by 
scanning tunneling microscopy (STM). We investigated the structure of a disordered cytosine 
network on a gold(111) surface created by thermal quenching, to temperatures below 150 K, of the 
two-dimensional fluid present on the surface at room temperature. Comparison of STA images to 
density functional theory calculations allowed us to identify three elementary structural motifs 
(igzag filaments and five- and six-membered rings) that underlie the whole supramolecular 
random network. The identification of elementary structural motifs may provide a new framework 
for understanding medium-range order in amorphous and glassy systems. 


amorphous solids isin general very chalk 

lenging because of the lack of ang-range 
‘onder in their structure (), The structure of amor- 
phous solids has traditionally been studied. by 
space-averaging_diflraction techniques, which 
have provided a detailed description of such mt- 
terials on the macroscopic scale (/, 2). However, 
much less is known about the local structure of 
such disordered solids. Important breakthroughs 
in this respect came fiom optical microscopy 
studies of colloidal glasses (3, 4). Howeves 
because of the nonscalable behavior oF the 


T: microscopic description of glasses and 


*interdsciplinary Nanoscence Center, Cense for DNA Nance 
technelogy, and Department of Physics and Astronomy, Unie 
‘versity of Aarhus, 8000 Aarhus C Denmark. “Department of 
Physic, School of Physical Sciences and Engineering, King's 
College London, Strand, London WCR 25, Uk. 

‘Present address: Departamento de Fisica de la Materia 
Condensada, Facultad de Ciencia, Universidad Auténoma 
de Madrid, and Insttuto Madeifio de Estudios Avanzados 
fen Nanodencia, 28049 Maid, Spain. 

‘Present address: Institute for Nanotechnology Forschung 
‘eirum Kae, Postfach 3640, 0-76021 Kaisube, Gey. 
4Present address: Department of Physics and Astronomy, Uni 
versty College London, Gower Street, London WCE 68, UK. 
{lo whom correspondence should be addressed. Ema: 
fbe@inanodk 


18 JANUARY 2008 VOL 319 SCIENCE 


cenery-relaxation processes with particle size, 
many details of how the motecular glasses persist 
and the dynamics of the glass transition cannot 
bbe answered with these model systems (4). 
‘Some organic molecules ean form hydrogen 
bonds via peripheral functional groups that may 
‘be distributed in a highly anisotropic way. Such 
molecules have the potential to onganize in ran- 
«dom arrangements when deposited on atomically 
fat solid surfaces. The structure and dynamics of 
these systems can be addressed by scanning probe 
techniques at the molecular level (5-7), providked 
the adsomption geometry is planar; they thereby 
have the potential to become a mode! system for 
stuglies on the structure of amorphous solids, In 
principle, the realization of such disordered systems 
also requires molecule-surface interactions to be 
much weaker than molecule-molecule interactions: 
Ifthe molecules had an ability to arrange them- 
selves inthe gas phase in planar disordered struc- 
tures, a strong interaction of the molecules with 
the surface would force them to form well-ordered 
structures controlled by the surface periodicity 
The formation of a planar network is ex- 
‘emplified by the case of guanine (G)on Au(II1) 
(8). In this ease, G selEassembles into a network 
of G quartets, as determined almost entirely by 


hydrogen bonding between the adsorbates: the 
role of the surface is only that of promoting 
planarity, as the corrugation ofthe potential ener= 
sy surfice is rather Mat, However, the symmetry 
fof the factional groups around the G molecules 
enables ordered networks to be formed, 

We have studied the mokecular-scale sell 
assembly ofa cytosine (C)nctwork on the Au( 111) 
surface in real space by means of scanning tun- 
reling microscopy (STM), In this ease 
mokeular network also forms, but unl 
Previously reported case of a G structure, the C 
nctwork lacks long-range order. DNA base mol 
«cules ackorb weakly on noble metal surfces, with 
an adsorption potential energy surface displaying 
small comigation anda weak charge transfer 
between molecule and substrate (N17), Experi= 
mentally we find that the C molecules are 
sufliciently mobile on the AAu(111) surfee, that 
the molecular layer can be considered as a (Wo 
dimensional (2D) uid at room temperature. 
Previous theoretical studies indicate that because 
of the lange number of hydrogen-bond donor and 
acceptor groups with which C is provided, a rel 
atively lange number of stable C-C dimer config- 
tuations could form, involving double hydrogen 
bonds between groups of neighboring peripheral 
finetionalties (or “binding sites”: see inset in 
Fig, 1A) (/2). The multiplicity of the strongest 
CC dimer states with similar binding energies and 
the nonsymmetrical distribution of the corespnd= 
ne binding sites over the periphery of the mole- 
cules suggest that intermolecular interactions alone 
might direct the growth of disordered structures, 
Indcod, our STM results reveal that the 20 thi of | 
mobile © molecules found at room temperature, 
when quenched to low temperatures at cooling 
rate of about 20 Kimin on average, assembles into 
disordered sructures, thas behaving like a 2D gh 

When C molecules at a coverage of less than 
‘one monolayer(ML) are deposited on Au( 111) at 
room temperature and the sample is imaged by 
STM at temperatures of >180 K, no individual 
C molecules are observed because of their high 
mobility. Instead, noise is observed in the STM 
signal, the origin of which is associated with 
‘mobile C molecules diffusing under the STM 
tip much faster than the average STM scanning 
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Fig. 2. STM images of cytosine structures with increasing surface coverage double hydrogen bonds between cytosine molecules. (D) At higher coverages, the 
(as denoted by the pink arrows), (A to © Bive arrows indicate mobile C zigzag blurs show internal structures a5 5- or 6-fold rings. Scanning conditions: (A), 


branches (A) and C molecules or clusters trapped in nanocages that appear as burs tunneling current  =-0.5 nA tunneling voltage 


1767 mV; (8), k=-03 04, 


[(B) and (C), The inset of (A) shows the mest important binding sites used to form V,=~1767 miV;(O, k=-0.7 nA, Y=~1250 mv (D), h=-O2nA = —1250mV. 


es urna 
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Fig. 2. Three elementary structural motifs (filaments, S- and 6old rings) are compared with the theoretical 
‘models. The color coding in the filament models (ee inset of Fig. 1A) indicates the binding sites S and 7 involved 
inthe two filaments which makes the chirality ofthe molecules easier to recognize. The enlarged image shows 
that the seemingly straight filaments have no tranational periodicity. The noncircular shapes of the molecules, 
‘which ae clearly not tp artifacts (molecules Aare micror images of B), can be recognized inthe high-resolution 
STWimages A tine connecting the centers indicated by green dots) of molecules 1 and 6 is used asa reference 
‘Molecules 1, 3, 4, and 6 binding to molecules A are centered along the reference line, where2s molecules 2 and S 
binding to molecules B are off the reference line. Thus, the above evidence strongly suggests thatthe dimers 1-A, 
3-A, 4A and 6-A should be different from dimers 2-8 and 5, indicating thatthe filament changes is structure 
after two or three dimers. Scanning conditions: k= ~0.7 nA, =—1250 mV. 


time (13, 14), We refer to this state asa 2D fluid, and the C structure thus representsan amorphous 
A series of STM images recorded at low 2D system. This long-range disorder is reflected 
temperatures (120 to 150 K) for increasing in its fast Fourier transform (FET), shown in 
coverages on the surface is shown in the inset of Fig. 1D, which reveals only a brig 
1 ML, the observed C structure is clearly dis- rim coresponding roughly to a constant first- 
ondered (Fig. 1D) with no o hbors distance. This short-range onder is 


characteristic of most covalent ann! metallic glasses, 
thus indicating that the amorphous structure de- 
pictod in Fig, 1D can be described as a 2D hase, 

The lack of long-range order is arent 
a lower C coverages (Fig. 1, A to C), although a 
slight anisotropy in the intensity distribution of 
the FFT of the STM images 


effect of the substrate 
ment. For low C cov 
diffusion dynamics of the C molecules and supe 
molecular clusters is revealed even at 100K. 
ips STM movies recorded wil 
scanning Aarhus STM reveal rearrangements of 
the different structural clements with respect to 
cach other (sce movie SI), Some of the C struc 
tures appear as blurred protrusions in the STM 
images and cannot be resolved into theit molec 
lar constituents. In Fig. 1, B 10 D, these blurred 
protrusions can be found in the “nanocages” 
between randomly oriented C filaments, Movie 
'S2 shows that the C-elated protrusions. m 
‘move in and out of a “nanocage” if manipulation 
with the STM tip breaks one of its “walls.” Upon 
subsequent inerease of the C coverage, the nun 
ber of blurred protrusions decreases, and these 
initially featureless blued protrusions (see Fig 
1B, where one example is indi 
aww) begin to display some intem 
first appearing lik ighnut” (F 
arrow) and subsequently like blu 
6-fold rings (Fig. 1D, blue amows). These find- 
est that the blurred structures. cor 
spond to mobile C molecules or clusters enclosed 
in the “nanocages” of the random © network, n= 
able to attach to it 

AA detailed analysis of the STM images ob- 
tained for coverazes below | ML revealed that 
every C molecule belongs to at east one of the 
following three structural units (i) zigrag filaments, 
nes, and (ii) 6-fold rings (Fig, 2) 
More than 200 images were analyzed for more 
than five different coverages, and for each cov- 

wwe at least 20 im mined. Thus, 


‘do 
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much simpler problem of understanding how these 
three elementary structural motifs link together. 

To fumher characterize the structure of the 
random C network, we performed ab initio den- 
sity functional theory (DFT) calculations. The 
mminimum-cnergy configurations for C molecules 
With geometries similar to the zigzag chains and 
the 3+ and G-fold rings revealed in the STM 
images are shown in Fig. 2, By systematically 
atiching molecules to cach other in all possible 
\ways (/2), several configurations with very sim- 
lar binding enengies were found for all three 
structures. The two most stable models for the 
periodic zigzag filaments, obtained by assuming 
thatthe unit cell is composed of two C molecules 
(that is, a C-C dimer), are denoted C-1D(1) ant 
C-1DQ), respectively. The calculated binding 
‘energies of about 0.9 eVimolecule for these two 
structures are very similar and are much langer 
than those obtained for S-and 6-fold C rings (0.6 
‘eV/molgcute), in good! agreement with the ex 
perimental finding thatthe filaments are the most 
‘common structure observed in the STM images. 
Because the stabilization enengies of the two 
structures C-1DX 1) and C-1D(2) cor 
responding tothe same motif are very similar, we 
assume that all of them coexist in the random 
eytosine network, ir very similar geome- 
tty makes them indistinguishable by STM, From 
the ealeulations we find that the interaction with 
the gold surface is mu er ( 
‘energy found to be 0.1 eV) than the identified 
{ntermolecularhydrogen bonding strength between 
the C molecules, Although there is a weak indi- 
cation in the FET images of a preferential align- 
iment ofthe filaments along the symmetry ditions 
of the gold surface (Fig. 10), this effect is much 
smaller than that of the hydrogen bonding that 
dives the assembly of C molecules. 

We next addressed how these different eke- 
mentary structural motifs intereonnoct with each 
‘other to form the specific disordered cytosine 
networks. The ends of the two stable finite fila- 
ment seyments (Fig, 2) exhibit a number of ex- 
posed! hydrogen-bonding groups —that is, 
are “sticky” whereas the peripheral functional 
_zroups exposed on the sides of the filaments are 
mostly nonpolar and thus are less prone to form 
stable bonds to neighboring C molecules. Comre- 
spondingly, we never observed a “bare” filament 
termination. As shown in Fig. 3, A and C, the 
filaments are always finked to some other 
filament through a 6-fold ring or in a T-junction 
ible models for which are displayed 

y 
ends" of any two filaments can join i, 
resulting in either bent or apparently linear fila- 
ment structures (Fig. 3, F and G). Our STM 
images show that indeed most of the observed 
filaments that are longer than four to six dimers 
‘quite oflen are bent (Fig. 3C). Furthermore, our 
high-resolution STM images reveal a change in 
the shape of molecules (marked as A and B in the 
‘enlarged STM image in Fig. 2) along straight 
filaments in positions that would be equivalent if 
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Fig. 3. (A and B) An STA image (A) and a theoretically predicted structure (B) show the connections 
between C filaments and 6-fold rings in a “roundabout” fashion. (C) An STM image shows the C filaments 

hed together mainly via T- and bending junctions. (D to G) The corresponding theoretically predicted 
structures. Examples of “roundabout” and T-junction motifs are highlighted by a red oval in (A) and a red 


‘square in (Q). Scanning conditions: (A), k=~0.4 nA, Y= 


there were translational periodicity. This indicates 
that these A and B molecules do not have the 
‘Same orientation; thus, translational periodicity 
appears only over two to three dimer distances 
along the filaments 

Figures 3A and 3B depict experimentally and 
‘theoretically, respectively, how the “sticky ends 
Of cytosine filaments can link together through 
the 6-fold ring in a “roundabout” fashion. As in 
the case of S- and 6-fold ring formations, the 
bonds involved in the interconnections among 
the different elementary structural motifs will be 
\weaker than those involved in the stabilization of 
the C-ID structures. On the other hand, the 
“nonsticky” nature of the filament’s side bonders 
makes it difficult for molecules or molecular 
clusters trapped inside “nanocages” to attach to 


1051 mV; (O, = ~0.7 nA, Y= ~1250 mV. 


ir “walls.” and thus they diffuse fast in the 
enclosed regions (they appear as blurred protru- 
sions in the STM images discussed above), Thus, 
bby connecting and combining the three elemen- 
tary structural motifs in the fairly small number 
cof ways just described, the C structures observed 
in the STM images can be explicitly character 
ized; an example of this is shown in Fig. 4. 
Previous STM experiments performed in an 
electrochemical environment (/5) reveal that 
another structure for the C-Au( 111) system exists 
in which ordered arrays of zigzag filaments of 
C molecules lie parallel to each other, bound by 
‘weak van der Waals (ydW) forces acting between 
‘nonpolar (nonsticky) areas of the filaments, Note 
that in this arrangement, each molecule is also 
hydrogen-bonded 10 two other molecules along 
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Fig. 4. STM image ofa “glassy state” 
‘of cytosine on Au(LI), with an 
overlay illustrating that a few ele- 
mentary hydrogen-bonded structural 
‘motifs and their possible connections 
explain the image. Scanning condi- 
tions: =-0.15 nA, Yy= 1767 mV. 


the flames 
cules oF the neighboring 
interactions, In the random net 
‘only hydrogen bonding is 
jority of the C molecules are bound to only two 


‘of parallel C filaments will be gn 
random network containing the same number of 
molecules. This ensures that the andered arrange 
iment has the lowest energy, and thus it serves as 
the 2D eytosine ground state 

Because crystalline iskinds can only survive if 
they are larger than some eritical size, 
their formation is highly unlikely. Indeed 
cooling, the fomation rate of a lange stable erys- 
talline nucleus cannot compete with the form 
rate of much smaller structures such as 5 
6-fold rings, roundabouts, and T ju 
Which are energetically the most stable clusters 
nolecules and 


the system gets trapped in a random network 
during the first stage of the kinetic process of 
assembly formation. Thus, this kinetic process 
Jeads toa dynamical capture of the 2D fluid upon 
fast cooling when the available thermal energy in 
the system becomes insufficient to facilitate ex 
‘cape from the local order of the liquid state into 
the ground crystalline state 

We thus conchake that, despite the lack of 
periodicity in the random eytosine network, we 
have revealed that only afew elementary structural 
mois exist through which © molecules bind to 
‘each other, and yet very complex structures ean be 
forme! fiom these structural buikling blocks. The 
present eytesine model system iskinetically trappext 
in a disordered state, much Tike glass is tapped in 
the amorphous state, because it would need to 
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‘overcome prohibitively lange energy harriers 10 
move away fiom it, Examples of whes-for 
systems where the constituents are molecules that 
‘ean form hydrogen bonds in one of their ends but 
feract only weakly through their other parts (€., 
«thanol) are known in the literature (6). Our resalts 
may reveal an interesting rowe for studying. the 
structure of organic glhssex: performing a system- 
ae search of particularly stable motifs and their 
Possible interconnections. 

The structure we describe here is similar to a 
‘continuous. random network, where the constt 
cents of the network are not individual atoms or 
molecules but instead consist of a small number 
‘of supramolecular elementary motifs, some 
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which present medium-range order. The identiti- 
cation of such structural motifs would not have 
been possible without the proper choice of 
‘model system and the use of STM to reveal the 
nanoscale onler. 
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The Subduction Zone Flow Field from 
Seismic Anisotropy: A Global View 


‘Maureen D. Long’ and Paul G. Silver 


Although the morphologies of subducting slabs have been relatively well characterized, the character 
‘of the mantle flow field that accompanies subduction remains poorly understood. To analyze this 
pattern of flow, we compiled observations of seismic anisotropy, as manifested by shear wave 
splitting. Data from 13 subduction zones reveal systematic variations in both mantle-wedge and 
‘subslab anisotropy with the magnitude of trench migration velocity IV These variations can be 
‘explained by flow along the strike of the trench induced by trench motion. This flow dominates 
beneath the slab, where its magnitude scales with IVs. In the mantle wedge, this flow interacts with 
classical corner flow produced by the convergence velocity V.; their relative influence is governed by 


the relative magnitude of Vj and ¥,. 


on propagation through an anisotropic 
| medium, a shear wave is split into two 

orthogonally polarized components and 
accumulates a delay time, &f, between the fast 


and slow waves; the fast direction, 9, and 8¢ are 
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measured (/, 2). In the upper mantle, anisotropy 
results from the s luced lattice preferred 
orientation (LPO) of olivine (3-6), so that if the 
relationship between deformation and LPO is, 
known or inferred, shear wave splitting measure 
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ments can provide a direct constraint on the ge- 
‘ometry of upper mantle deformation and, ifthe 
fabric is not a fossil one, the upper mantle flow 
field. 

Although anisotropy has been found in most 
subduction zones (. 
splitting behavior is observed, inchxting both 
trench-paralle| and trench-perpendicular 9, sub- 
stantial lateral heterogeneity, and a large range of 
84 from 0 sto greater than 2's, Anisotropic struc- 
ture likely varies throughout the four-layered 
structure of subduction ones: the subslab mantle, 
the slab, the mantle wedge, and the overlying 
plate, This complexity makes it difficult to re- 
solve where the anisotropy is originating, and i 
also limits the ability to construct numerical mod- 
cls of mantle flow with which 19 compare to 
‘observations. 

‘The classical low model for subduction sys- 
tems is two dimensional (2D), characterized by 
‘comer flow above the slab and entrained flow 
beneath the slab (cg. 17). (We we the term 
“subduction system” to refer to the subduction 
‘zone and the surrounding mantle flow,) Assim 
ing. A-type (or similar) LPO and the local align- 
ment of the fist direction and the flow direction, 
this model makes the simple prediction of tench- 
normal orientations for @ for anisotropy originat- 
ing both in the wedge and below the slab, As is 
well known, this model fails to account For the 
‘dramatic Variability in 6 noted above. Altemative 
models include treneh-paralfel flow in the mantle 
‘wedge (J2), flow induced by crustal foundering 
(23), trenehe-parallel flow beneath the subducting 
slab (/4), and transpression due to oblique sub- 
duction (75). It has also been proposed that oli- 
Vine changes fiom A-type LPO to Baype LPO 
(thus changing the relationship between anisotropy 
nl strain) asa Way’ to explain teneh-parallel fist 
directions in the mantle wedde while retaining 2D 
‘comer flow (76-18), Conditions newded for Baye 
LPO may be present in portions of the mantle 
‘wedge, although A-type [or other fabric types: that 
ive the same strin-anisotropy relationship, such 
as C of E (6) likely prevails elsewhere in the up 
per mantle. Each of these explanations has been 
successfill in accounting for local observations in 
ssubxliction zones but none explains the 
range of splitting behavior observed globally. 
We have compiled a global data set of averag 
splitting parameters to reveal broad global trends 
in spliting behavior in terms of tectonic and kin 
‘emitic subduction parameters, with the aim of 
determining the dominant properties of the sub- 
duction zone flow fie. 

Our compilation comes from 26 published 
studies and new measurements from six pema- 
nent tations in the Aleutians, Tonga, and Indone- 
sia, covering 13 subduction zones [see supporting 
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7-10), 4 wide variety of 


‘online material (SOM)]. In regions where both 
local and teleseismic measurements are available, 
we characterize the wedge and the subwedge 
region separately. The data are suflicient to con- 
strain the orientation and magnitude of subwedge 
anisotropy for 11 subduction zones, and wedgs 
anisotropy for 10 (Fig. 1). We compared average 
spliting parameters to overriding plate velocity 
trench migration rate, the stress tate of the over- 
riding plate, subducting phite age, convergence 
rate, slab depth beneath volcanoes, and slab dip, 
from previous compilations (/9, 20) 

The splitting results are reltively simple for 
the subwedge anisotropic signal (see SOM), 
Nearly all regions where we identified substantial 
subwedge splitting exhibit trench-parallel 9, alk 
though many also show variable orientations (e: 
Japan and South America) (fig. S2). Cascadia is 
8 notable exception, with consistently trench- 
perpendicular 6 We found little or no splitting 
‘beneath the Ryukyu or Aleutian wedges, but a 
large 81 (~1 to 2) for Tonga andl Calabria. One 
question is whether the anisotropic signature 
comes primarily ffom the subslab mantle or 
from the slab itself. Two lines of evidence argue 
against a primary contribution from the slab 


First, the preponderance of trench-parallel 
argues for a mechanism related to subduction 
geometry and not to fossilized anisotropy in the 
downgoing lithosphere (there is no obvious 
relationship between fossil spreading. direction 
and 9). Second, a slab origin would predict an 
increase in &f with inereasing age (and therefore 
thickness) of the downgoing lithosphere; we 
observe no such correlation, Therefore, we 
interpret the subwedge splitting signal as fo in 
the subslab mantle. Given the physical conditions 
of the subslab mantic, namely low stress, low 
‘water content, and relatively high temperature, the 
LPO is likely to be A-type for similar (6)}, which 
angues for trench-parallel low there 

For subduction systems with nearly stationary 
trenches, there is little oF no subslab spitting, 
‘whereas for systems with migrating trenches, 8 
tends to increase with the magnitude of tench 
‘migration velocity | (Fig. 2). We propose that 
saubslab anisotropy is primarily controlled by 3D 
retum flow, generally parallel to the tench, in- 
duced by trench migration, combined with a 
tharticr to entrained flow bencath the slab, likely 
a either the top orbase of the transition zone, AS 
the trench-slab system migrates relative to the 


Fig. 1. Summary of available constraints on shear wave splitting in subduction zones. Regions for 
which robust constraints have been obtained are marked. 


Fig. 2. Average subslab 
&t versus (Mj. Retreating 
‘trenches are shown with 


details on error caleula- 
tions). Cascadia & marked 
with a dashed line; al- 
though it is consistent with 
the trend with IN, its fast 
directions are not consist- 
ent with our preferred 
model. A linear fit to the 
data (weighted by errors) 
produces a relationship of 
&t = 0.026(M)) + 0.17: 
this bestfitting slope & 


stv) mmr 


significantly different from zero (the 95% confidence interval on the slope is 0.026 + 0.07). 
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Uupper mantle, subslab mantle is forced around the 
slab edges and flows parallel o the trench, as has 
been proposed (4) for South America. The cor- 
relation of 8¢ with | holds regardless of whether 
the trench is advancing of retreating. We suggest 
that |) serves as a proxy for the coherence of 
flow beneath the slab. Subduction systems with 
fast-moving trenehes are more likely to set up a 
more coherent, larger-scale retum flow beneath 
the slab that results in a larger region of coherent 
LPO, Similarly, 8, being proportional to the pro- 
duct of intrinsic anisotropy and ctfective path 
Jength, should also be a measure of the length 
scale of coherent flow, assuming that the intrinsic 
anisotropy is saturated in the subslab region. 

In contrast 10 the relatively simple trends in 
subslab anisotropy, anisotropy in the mantle 
wedge is more difficult to interpret for two rea 
sons, First, the observed splitting pattems in the 
‘wedge are much more variable (fig. S3}: Many 
subduction zones exhibita transition from trench- 
parallel 9 close to the trench to reneh-perpendicular 
ther away [c.g Ryukyu (27), Marianas (10), 
and Tonga (/2)), but a few exhibit the opposite 
sat. Kamehatka (22)), 61 also varies 


dramatically between regions: Some wedges are 
nearly isotropic (c.. Indonesia and South Amer- 
ica), whens others exhibit lage > Is (cz. 
Ryukyu and Tonga). Second, wedge conditions 
increase the probability of a change to Betype 
LPO, which rotates by 90° the expected geomet- 
Fical relation between strain and 9 (5). 

If 2D comer flow dominated the wedge flow 
field, one would expect to inerease with either 
convergence velocity V_ or with slab dip, which 
controls path length through the wedge. Ya, there 
is no such correlation (figs. S4 and SS). Affer an 
‘examination of other plate parameters (ex, a 
Of subducting lithosphere and stress state of the 
‘overriding plate), we find, as with the substab re- 
‘gion, a strong dependence on |. There isa srik- 
ing relation between 6¢and | normalized by V, 
which we define a8 Vaum = |Hi/Ve (Fig. 3). 
Because Vand (Vy should govem the strength of 
2D comer flow and 3D trench-paallel fo, respec 
this ratio is a measure of the relative im- 
portance of these two components ina subduction 
“zone. For subduction systems that are dominated 
bby downdip motion of the slab (V/yoqn < ~0.2). 
{1 decreases with increasing, Vaggy- For systems 


Fig. 3. Average wedge st 
versus Voom = (Mi/Ve) 
(tench velocity normalized 4) | Mouton 
by total convergence veloc- Torge 
ity). The x axis is plotted on toy OY 
2 log scale, Retreating is 
trenches are shown with _ 
blue diamonds, advancing 2 ones 
trenches with red squares. at) 
Error bars roughly repre- #4 
sent the 95% confidence 
reson on average siting 98 2 ae 
times, oerca 

os} f 

bea | Marana 

| } 

iowa 
ry ra 


Fig. 4. Schematic diagram of model, showing the 


dominance of 3D flow beneath the slab and the 


‘competing influence of 2D and 3D flow fields in the mantle wedge. 
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that are dominated by trench migration (Vaan > 
~0.6), br tends to increase with inereasing Vas 
although this pticm is less clearcut. Forsystems in 
between these two regimes, delay times are small. 

We hypothesize (Fig. 4) that anisotropy inthe 
wedge is controlled by the competing influences 
of two flow fields: the 2D comer flow fickd, 
‘which is controffed by viscous coupling between 
the downgoing slab and the overlying wedge, 
and the 3D flow field, which is induced by mi- 
gration ofthe trench (as in the subslab case), The 
relative importance of these two flow fickds is 
controlled by the relative magnitudes of | and 
Ve. The greater the extent 10 which the wedge 
flow field is dominated by coherent comer flow, 
the stronger the anisotropy and the langer St, Con 
versely, for systems where the trench mi 
rapidly compared with downdip motion, the 
‘wedge flow field is dominated by trench-paralll 
flow, and for rapidly moving trenches, 8ris large 
as Well, For subxluction systems in the intermedi- 
ate regime, the wo floss compete, and the result 
ing flow field is less coherent. In such a 
‘where the flow is weak or changes 1 
short length scales, coherent an! strong LPO dows 
‘not develop (23) and &r is smal 

Our model for wedge anisotropy may re- 
solve the apparent conflict between studies 
explain trench-parallel @ with trench-parallel 
flow (12, 10) versus with B-type olivine LPO 
(16,21, 18), For subxluction systems predicted to 
be dominated by comer flow, such as Ryukyu, 
the low-temperature conditions in the foreare are 
expectad to favor the development of B-type LPO 
(17). For systems pradicted to be dominated by 
trench-paratlel how, such as Tonga, we hypoth= 
‘size that this flow regime inereases overall veloc= 
ites in the mantle wedge. This results in the 
removal of wedge material that has been conuc= 
tively cooled by the slab, as found in laboratory 
models of subduction systems with rollback (24). 
‘The resulting higher foreare temperatures woul! 
favor A-type (or similar) rather than B-type LPO 
(6). 50 that 9 close to the trench woul! reflet 
trench-parallel flow. For either type of subduction 
zone, fanher away from the trench, @ should be 


trench-perpendicular, away from the influence of 


cither the trench-parallel flow or Baype olivine 
fabric. This pattem is, indeed, observed in many 
subduction zones (25), including both Tonga and 
Ryukyu (/2, 2/). When this change in fast 
direction is controlled by a fabric transition, the 
change in orientation should coincide roughly 
‘with the are (/7):this would not necessarily be the 
case for systems with substantial trench-parallel 
flow. Again, this prediction is consistent with 
observations from end-member regions (12, 21 

Our model does not include possible effects 
‘on anisotropy duc to aligned met, lithospheric 
anisotropy in the overriding plate, crustal foun- 
dering, or trench-parallel flow due to oblique sub 
duction. We have investigated whether spliting 
Parameters correlate with the deformation regime 
of the overriding plate, subduction obliguity, vol- 
canic production, and other parameters and find 
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no other notable global comelations. These effects 
may be important locally, but they donot rep- 
resenta dominant global pattem. Additionally, we 
have not evaluated the possible eflcets of 3D slaty 
morphology on trench-parallel flow in the werize 
(eg. 26) or beneath the slab (74,27), Such flow is 
likely important locally and may serve to strength~ 
‘en of otherwise modulate the reich-paralle! flow 
induced by trench migration, 

Our model essentially requires a thin decou- 
pling zone between the downgoing slab and the 
ssubslab mantle, because we observe no detect- 
able anisotropic signal from slab-entrained flow. 
[Cascadia represents an exception (8) to this rule 
this may be a consequence of the very young ag 
‘ofthe subducting lithosphere oF the rewion’s com- 
plicated subluction history and slab morphoto 
This decoupling zone appears to be universal, in 
that slab-entrained flow is not generally detected 
‘even forsubsluction zones with a neatly stationary 
trench, and may be a consequence of the entrain= 
ment of a thin layer of buoyant asthenosphere 
(28), The inferred subst thow fick! also requires 
partial barrier to mantle flow beneath the slab, as 
proposed by (7), a well as ae 
horizontal low in the tren 
(29), so that mantle material is fo 
Aatcrally in response to the motion of the trench, 
The barrier to entrained how beneath the slab 


mantle wedge as a common (although not ubig- 
uitous) phenomenon implics that along-strike 
‘transport of mantle material is important for many 
ares, with consequences for magma genesis, yola- 
tile transport, and thermal structure 
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A Localized Negative Genetic Correlation 
Constrains Microevolution of Coat 


Color in Wild Sheep 
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The evolutionary changes that occur over a small number of generations in natural populations 
‘often run counter to what is expected on the basis of the heritability of traits and the selective 


forces acting upon them. In Soay sheep, dark coat color is associated with large size, whic 


heritable and positively correlated with fitness, yet the frequency of dark sheep has decreased. 


This unexpected 


‘oevolutionary trend is explained by genetic linkage between the causal 


‘mutation underlying the color polymorphism and quantitative trait loci with antagonistic effects on 
size and fitness. As a consequence, homozygous dark sheep are large, but have reduced fitness 
relative to phenotypically indistinguishable dark heterozygotes and light sheep. This result 
demonstrates the importance of understanding the genetic basis of fitness variation when making 
predictions about the microevolutionary consequences of selection. 


volutionary theory states that directional 

E clection on a heritable trait should result 
in evolutionary change (7). Analy 

Tong-term data sets trom wild vertebrate popula 
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tions reveal directional selection on heritable 
traits, yet many studies report no microcvolu- 
tionary change (stasis) or, in some cases, re 
sponses in the opposite direction to that predicted 
2). Explaining such discrepancies is a major 
challenge in evolutionary biology (2). The ab- 
sence ofa predicted microevolutionary response 
may be due to constraints imposed by genetic 
correlations between the phenotype of interest 


then the loci affecting the focal trait should be 
colocalized in the genome with genes for other 
fitness-related traits, either because the same 
genes affect both traits (pleiotropy ) or because 
genetic correlations arise between tightly linked 
genes (linkage disequilibrium). However, em 
pirical evidence for colocalized antaponis 
cally acting quantitative trait loci (QTLs) that 
constrain mictoevolutionary change is eurrent- 
ly lacking, 

In the five-tiving Soay shoep of St Kil 
‘Scotland, coat color is either dark brown or light 
tuwnty (Fig. 1) (4): the two phenotypes have been 
documented for at least 90 years (5.6). Variation 
in coat color is controlled by a single autosomal 
Jocus at which the dark allele is dominant 10 the 
lightallele (6). The light phenotype is determined 
by homazygosity of a single recessive amino 
acid-changing GT transversion at coding posi- 
tion 869 inthe nrnsinase-relate protein I (TYRPL) 
swene (7), 

Coat color in Soay sheep is related to fitness 
because of an association with body size: Dark 
sheep are langr than light sheep (8). Body size is 
heritable throughout life (9. 10) and is positively 
conelated with survival (//) and reproductive 
success (2), Moreover, a genetic response 10 
selection for increased size has been detected (9). 
If the association between coat color and body 
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size has a genetic basis, then dark sheep should 
be favored by selection because of their size ad- 
‘vantage relative to light shoep. However, 20-year 
time series of phenotypic data shows a significant 
decrease in the frequency of dark sheep (linear 
regression, slope of - 0.38% /year, R= 0,326, P= 
(0,000; Fig. 2A), 

‘We considered two competing hypotheses 10 
explain this disparity; first, that the correlation 
between coat calor and body size is a conse- 
{quence of environmentally induced, rather than 
‘genetic, covariance between traits, In this ease, 
selection on boxy size would not result in a par- 
allel response for coat color. Altematively, if 
there is a genetic association between coat color 
and size, the failure of dark sheep to increase in 
frequency may indicate a negative genetic cor- 
relation between body size and other fimess- 
related loci in the vicinity of TYRP?. Unide this 
scenario, dark sheep are langer but fess fit than 

ight sheep, Other explanations for the diserep- 
aney can be dismissed. For example, selection 
‘cannot favor light sheep on the basis of eryptic 
coloration (13), because predators have never 
existed on St Kikla (4). Similarly, ight sheep are 
not favored by sexual selection because there is 
no evidence for assortative mating with respect to 
either coat color [72q) = 0.32, P= 0.570) or 
TYRPL genotype [7244 1.53, P 0.822] on the 


Fig. 1. Dark (left) and light (right) coat 
olor morph in Soay sheep, [Photograph 
1. M. Pemberton} 


8 
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basis of 559 phenotyped and genotyped parent 
offspring ties. 

‘To lest our hypotheses, we genotypal the 
TYRPI mutation in 2509 sheep living between 
1985 and 2003 and integrated these data with 
estimates of body size and individual lifetime 
fitness. We used a linear mixed model (LMM) 
(the so-called animal model) (14) that accounts, 
for shared additive genetic eflects on phenotype 
among relatives, in addition tothe effects of non- 
‘genetic factors and environmental variation on 
the covariance between traits (/5), In allanalyses, 
\we present estimates of the mean and standard 
error (SE) of the differences in trait value be- 
tween TYRP/ genotypes and between dark and 
light sheep, rather than the population means for 
‘each genotype and phenotype, because we are 
Primarily interested in these contrasts 

‘We identified a strong genetic association be- 
‘tween TYRPI and birth weight [LMM, F231) * 
8.96, P= 0.0001, n = 1787 sheep: Fig 3A and 
table Si: sheep with genotypes GG and GT 
(Gark coats) were heavier at birth than sheep with 
‘genotype TT (light coats) by an average of 132.3 
(6374) g and 111.3 (285) g, respectively, Dark 
homozygotes (GG) were largest but not signifi- 
cantly larger than dark heterozygotes (GT) (mean 
difference 21.0 = 32.0 g) Overall, dark sheep 


Were an average of 1224 (624.0) g heavier at 


1985 1900 


190 198520002008 


Year 


Fig. 2. Estimated frequency of (A) dark sheep and (B) the TYRPZ G allele (dominant for dark cotor) in 
the Vilage Bay study population from 1985 to 2005. Frequency estimates are from August of each 
year. Linear regression lines are fitted and show a significant decline in the frequency of both dark 


‘sheep (slope of ~0.38%/year, R° = 0.326, 
RP = 0.390, P = 0.004). 
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= 0.009) and the TYRPI G allele (slope of -0.49% /year, 
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birth than light sheep [LMM, F201 
P< 0,001, =2370}: this difference i 
that between males and females (129.9 » 23.8 2). 
The general pattem of larger size in sheep 
carying the TYRP/ G allele was also present 
tambs [LMM. Feasoas) ~ 439, P= 0.014, n= 
1087; Fig. 3B] and adults [LMM, Fiz sox) = 3.86, 
0.023, n= 1367; Fig. 3D] but was non- 
significant in yearlings [LMM, Fang ~ 0.40, 
,672, n= $56: Fig. 3C], presumably due 
a lack of power associated with the relatively 
small sample si 
(able St), 

Gur results suggest that the TYRPL G 
(Gominant for dark color) is associated with par- 
tial dominance for body size. We determined 
‘whether this was due to genetic linkage by ap- 
plying a transmission disequilibrium test (TDT) 
(16) to a set of birth weight records thom 492 
fully phenotyped and genotyped parenvoflspring 
trios (15). This revealed linkage between TYR? 
and birth weight [LMM, within- families coeficient 
(br) Franny 4.0, P= 0.034) and discounted a 
spurious association arising from recent admix- 
ture oF the nonrandom spatial distribution of 
sheep in the study area (/7, 78) [LMM, between 
families coefficient (rp) Fusrre) ® 148, P= 


1 


Fig. 3. Bar plots showing the mean (+SE) weight 
differential of homazygous (GG) dark sheep (dark 
‘ray bars) and homozygous (TT) tight sheep (ight 
‘ray bars), in each case relative to heterozygous 
(GT) dark sheep, and of light sheep (white bars) 
relative to dark sheep at (A) birth, and in (B) 
lambs, (C) yearlings, and (D) adults. 
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0.225], We can therefore reject the hypothesis 
‘that the correlation between coat color and body 
size arises purely fiom environmental etets. 
Consequently, because body size is positively 
correlated with fimess (17, 12) and the TYRP! G 
allele is associated with large size, the failure of 
dark sheep to inerease in frequency may be due 
to mieroevolutionary constraints imposed by other 
‘genetic factors in the vicinity of TYRPL 

We characterized the genetic relationship be- 
tween coat color and lifetime fitness with the de- 
lifing approach, which estimates an individual's 
contribution to annual population growth, qn, 
though survival and reproduction (79). De-lifed 
fitness is standardized by the population mean in 
each year, correcting for annual environmental 
allcct fitness (4. Our analy~ 
‘ses were based on the lifetime sum of pa from all 
sheep for which complete life histories were avail- 
able (/5). We identified a significant genetic asso 
tion between TYRPT and lifetime gy [LMM, 
Foun) 403, P= 0020, n= 1355] and showed, 
using a TDT, that this is due to genetic Hinkage 
[LMM, Faazn = 6.87, P= 0.010, 1 = 492} 
Intriguingly, the relationship between coat color 
‘and fitness is inconsistent with that between dark 
coat color and large body size (Fig. 4 and table 
2), Homozyous dark sheep (CG) exhibited 3 


fitness disdvantage relative to. phenotypically 
3 


identical heterozygous dark sheep (GT) ( 
cryptic difference), but there was no evidene 
forlffeential fitness between heterozygous dark 
sheep and light sheep (TT). Ata phenotypic keel, 
the average fitness of dark sheep (enotypes GG 
and GT combined) was indistinguishable from 
that of light sheep, and thus there Was mo evi- 
dence for selection on coat color itself [LMM, 
Foaurs) 1.70, P= 0.192, n= 2334} 

Genetic linkage between TYRPL and both 
birth weight and lifetime py can be explained by 
either pleiotropy or linkage disequilibrium with 
neighboring QTLs. We consider pleiotropy 
unlikely for two reasons. First, TYRPD has a 
ted range of expression, in melanocytes and 
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42 
Fig. 4. Bar plots showing the mean (SE) relative 
lifetime de-tifed fitness pay of TYRPI genotypes 
‘and coat color phenotypes, asin Fig. 3. 
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retinal pigment epithelium (20), Because there is 
no evidence of colorassociated diseases of the 
skin oF eyes in Soay sheep. it is difficult 10 
envisage how TYRP! could directly influence 
size or fitness. Second, there is no evidence that 
TYRPI has pkiotropic efiets on size, survival, 
for fecundity in mice and humans, despite the 
characterization of mutations that share a similar 
molecular basis with the Soay sheep mutation 
{the loss of a conserved cysteine residue) (7) and 
that have identical effects on pigmentation (2/). 
Linkage disequilibrium to body size and fitness 
QTLs is plausible. Strong linkage disequilibrium 
extends for a considerable distance in the TYRPI 
region in our study population (supporting online 
text). The VLDLR gene, which in mice is 
associated with variation in neonatal size (22) 
and is believed to be tightly linked 10 TYRP on 
the basis of conserved synteny with cattle (23). is 
4 promising canialate gene for the body-size 
QTL Similarly, a fitnes-associated phenotype 
named “brown-asociated fitness,” determined 
bby the PTPRD gene in the vicinity of TYRP1. has 
‘been described in mice (24). 

‘Our results therefore imply that the relative 
fitness of TYRPL genotypes is determined by 
linkage to QTLs for both body size and fess 
‘These QTLs appear to have antagonistic fleets 
because the TYRP/ G allele (dominant for dark 
coat color)is associated with lange body size (and 
thence with inereased fitness) but also with 
decreased lifetime rg. Thus, despite an overall 
‘Positive correlation between body size and fitness 
(U1, 12), these traits are negatively correlated in 
the chromosomal vicinity of TYRPI. This is 
‘because of linkage disequilibrium between the G 
allele and both a lange body size QTL and a 
recessive QTL allele with deleterious effects on 
fitness. Notably the direct fitness cost associated 
With G outweighs the expected benefits of being 
Jang, and this will constrain the fequency of dark 
sheep. Our results actually imply that the fight 
mutation (T) should be increasing in frequency 
although genetic drift will also play a role 
determining the allelic frequencies, 

Our findings are therefore consistent with the 
‘observed decrease inthe frequency of dark sheep 
(Fig. 2A). They are also consistent with a 20-year 
time series of TYRPY genotype data (linear re- 
gression, slope of 0.4% W/year for frequency of 
the G allele, R? = 0.390, P = 0.004; Fig. 2B) 
Although sensitive to incomplete sampling in 
the early years of the study (supporting online 
‘material), this genotypic trend is supported by a 
significant inerease in light sheep (and hence the 
‘TT genotype) (7) that is based on almost perfect 
sampling (15), Thus, the micwevolutionary dy- 
namics of coat color are consistent with expe 
tations arising from the presence of a negative 
‘genetic correlation between size and fitness in the 
Vicinity of TYRP/. This result holds whether the 
correlation is caused by pleiotropy or by linkage 
disequilibrium with nearby loc. 

This study shows that selection acting on 
simple Mendelian traits in natural populations 


can have a complex genetic basis. This has im- 
plications for the study of microevolutionary 
change in natural populations, because fitness 
‘variation atthe level of the genotype may not be 
evident in an analysis of selection on phenotype. 
Consequently, phenotypic studies may wrongly 
conclude that selection is not acting on genomic 
regions containing the loci underlying focal traits 
and may be unable 10 explain the micro- 
evolutionary dynamics of trait variation, 
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Coastal Ecosystem—Based 
Management with Nonlinear 
Ecological Functions and Values 


Edward B, Barbier,’* Evamaria W. Koch,? Brian R. Silliman,? Sally D. Hacker,* 

Eric Wolanski,® Jurgenne Primavera,* Elise F. Granek,” Stephen Polasky,* Shankar Aswani,? 
Lori A. Cramer,?® David M. Stoms,”* Chris J. Kennedy,* David Bael,® Carrie V. Kappel,’* 
Gerardo M. E. Perillo,"* Denise J. Reed™* 


‘A.common assumption is that ecosystem services respond linearly to changes in habitat size 
This assumption leads frequently to an “all or none” choice of either preserving coastal habitats 
‘or converting them to human use. However, our survey of wave attenuation data from field studies 
‘of mangroves, salt marshes, seagrass beds, nearshore coral reefs, and sand dunes reveals that 
these relationships are rarely linear. By incorporating nonlinear wave attenuation in estimating 
coastal protection values of mangroves in Thailand, we show that the optimal land use option may 
instead be the integration of development and conservation consistent with ecosystem-based 
management goals. This result suggests that reconciling competing demands on coastal habitats 
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vices and thus justifying the maintenance of 
many natural systems “in healthy, productive 
and resilient conditions so that they ean provide 
the services humans want and need” (5). Yet the 
implementation of EBM cannot take place without 
addressing @ fundamental challenge: assessing 
the true value of these ecosystems and the ser 
Viees they generate, so that practical compm- 
mises can be made (8-12), 

The interrclationship of ecosystem structure, 
function, and economic value is critical 49 coast 
‘management decisions, which ae oflen concemed 
‘with how much natural habitat to “preserve” andl 
how much 10 allocate to human development 
activities (2, 3), In assessing such trade-ol, itis 
fiuguently assumed that ecosystem services change 
linearly with critical habitat variables. such as 
size (€. area), This assumption can lead to the 
misrepresentation of economic values inherent 
in services, particularly at their endpoints, The 


should not always result in stark preservation-versus-conversion choices. 


‘ore than one-thind of the world’s hue 
M populist in cast ans 
and stall iskands (/), which together 


make up just 4% of Earth’s total land arca. 
Coastal popukation densities ane nearly three 


times that of inland areas (2) and they” are in- 
creasing exponentially. The long-term sustain- 
ability of these populations is dependent on 


tal ecosystems and the services they pro- 
Vid, sueh as storm bulflering, fisheries produc- 
tion, and enhanced water quality. Despite the 
importance of these services, degradation and les 
‘of causal ecosystems over the past two 10 thee 
decades including marshes (50% either lost or 
degraded), mangroves (35%), and wef (30%) 
fs intense andl increasing workdwide (2) 

‘To ad in conservation of these cexstal com 
munities, ecasystem-based management (EBM) 
has recently been proposed as a benefit op- 
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endpoint values ofien either overestimate oF une 


dorestimate the service value, resulting in an “all 
‘or none” habitat scenario as the only decision 
choice (9-2). A common reason for invoking 
sich an assumption is that few data exist for ex- 


Timization and decision-making. stat 
incorporates often conflicting development and 
conservation uses (5-7), EBM strives to reean- 
cike these pressures by valuing ecosystem ser. 
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Fig. 1. Conventional comparison of shrimp farming to various mangrove services at coastal landscape 
level (10 km’), Thailand (net present value, 10% discount rate, 1996 dollars) on the basis of (A) total 
‘economic returns as a function of mangrove area (km?) for the commercial returns from shrimp farming 
plus three mangrove ecosystem service values: coastal protection, wood product collection, and habitat 
‘support for offshore fisheries; and (B) the distribution of benefits as a function of mangrove area (km*) 
among three stakeholders: outside investors in shrimp farms, the mangrove-dependent coastal 
‘community, and the wider coastal community (up to 5 km away). [Based on data from (17, 16, 171] 
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it difficult to value accurately the changes in coo 
syste services in response 19 incremental changes 
in habitat characteristics (eg. area). I however, 
relationships between the structure and function 
‘of coastal habitats are nonlinear, as ecological 
theory suggests (/2-/4), then assuming that the 
Value of the resulting service is linear (with 
respect to changes in habitat characteristics) will 
mislead management decisions. 

‘To test the key assumption that ecosystem 
services and their economic value are linearly 
related to habitat area, we used data collected 
in the field trom key coastal interface systems 
around the globe, including mangroves, salt 
marshes, seagrass beds, nearshore coral reefs, 
and sand dunes (/5). We focused on arguably 
the most undervalued ecosystem service until 
recently: protection against wave damage caused 
by storms, hurricanes, and tsunamis, These field 
data reveal that for all these coastal habitats, 
hhonlinear relationships exist between habitat 
‘area and measurements of the ccemystem function 
‘of wave attenuation (ig, S1), For mangroves and 
salt marshes, there are quadratic and exponential 
decteases, respectively, in wave height with increase 
ing habitat distance inkand from the shoreline (ig, 

1, A and B), In the ease of seagrasses and near 


shore coral reefs, wave attenuation is a finction 
fof the water depth above the grass bed or reef, 
and these relationships are also nonlincar (fig. $1, 
C and D). Additionally, there is an exponential 
rdationship between the pereent cover of dune 
‘grasses and the size of oceanic waves blocked by 
sand dunes produced by the grass (fig. SIE). 
‘These data sugeest that the assumption of lincar- 
ity is likely to be inaccurate for many ecosystem 
services that depend on habitat size—a result that 
‘could have important implications for conserva- 
tion, especially as it relates to EBM. 

To explore this possibility, we applic these 
nonlinear wave attenuation relationships for coastal 
systems to a eae study from Thailand (11, £6, 17) 
where choices have been made between conver- 
sion of mangoves to shrimp aquaculture versus 
their preservation fer key coosystcmn services (such 
as coxa! protection and fish habitat. Our ease 
study assumes a mangrove habitat that extends 
1000 m inland fiom the seaward edge along 10 km 
‘of coast. Neuby communities depend ca the man- 
grove for forest and fishery products in coastal 
Waters that are populated by mangrovedependnt 
fish. Cosstal communities up to $ han inland are 
protected from tropical stomns by mangroves, The 
allemative 10 preserving mangwves is converting 
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Fig. 2. Alternative comparison of shrimp farming to various mangrove services at coastal landscape level 
(20 km?), Thailand (calculated as in Fig. 1), incorporating the nonlinear wave attenuation function from 
fig. SIA, on the basis of (A) total economic retums as 2 function of mangrove area km?) for the 
commercial retums from shrimp farming plus three mangrove ecosystem service values: coastal 
protection, wood product collection, and habitat support for offshore fisheries; and (B) the distribution of 


benefits as a function of mangrove area 


(km?) among three stakeholders: outside investors in shrimp 


farms, the mangrove-dependent coastal community, and the wider coastal community (up to 5 km away). 
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them to intensive shrimp ponds, which over 
‘whelmingly benctits outside investors (1,16, 17) 

Figure 1A depicts the, cconomic retums 
from converting the 10-km? mangrove habitat 
to commercial shrimp farms as well as the vale 
vues generated by three cosystem services: costa 
Protection, wood collection, and habitat-fishery 
Tinkage. The figure also agaregates all four values 
to test whaher an “integrated” land wse option 
involving some conversion and some preservation 
yields the highest total value. When all vals are 
linear, the outcome is a typical “all oF none’ 
scenario; cither the aggregate values will favor 
compte conversion, « they will favor preserving 
the entre habitat (Fig. 1A), Becasse the ecosys- 
tem service values are large and increase linearly 
with mangrove arca, the preservation option is 
refered (Fig 1A), The ageregite valie of the 
‘mangrove syst is at its highest ($18.98 milion) 
‘when it is completely preserve, and any eon- 
‘ersion to shrimp farming would Head 10 less ag 
sregate value compared to fall preservation, Thus, 
‘av EBM strategy that considers all the values of 
te ecosystem would favor mangrove preserve 
tion and no shrimp firm conversion. 

Figure 1B shows that mangrove-dependent 
communities and the wider coastal community 
‘would benefit fiom the EBM decision, whe 
‘outside investors would prefer conversion of the 
rmungiove to shrimp ponds, Overall, ou 
sis shows that the EBM strategy of full preser= 
‘ation of the mangroves would fice opposition 
fiom outside investors, who would obtain no 
commercial gains from this scenario but would 
make profits of more than $9.6 million fom 
complete conversion (Fig. 1B). It is aso clear 
that the “all 6 none” decision to preserve man- 
groves hinges on the coastal protection value 
service of the mangroves, which is assumed 10 
inerease linearly with mangrove area 

However, if we consider that asta protection 
afford by mangroves depends on their functional 
ablty to atenuate stern waves (8-21) anal 
this relationship is nonlinear (lig. SIA), diffrent 
EBM strategy is supported (Fig. 2) In fig, SLA, 
wwe show that a wave height of 1.1m at the 
coffthore edae of the mangrove forest would be 
reduced 10 0.91 m if the forest extended 100 m 
inland; ifthe forest extended 200 m inland, the 
‘wave would chop to roughly 0.75 m. The wave 
‘would continue w fall, albeit at a declining rat, for 
very akftonal 100 m of mangroves inland fom 
the sea. Fora forest exerting 1000 mn inland, the 
‘wave would be raduced to a neggibe 0.12 m. 
wf the nonlinear wave attenuation func 
tion for mangroves (li. SIA), itis possible 10 
revise the estimate of storm protection serv 
value for the Thailand ease study (22) (Fig. 2) 
The storm protection service of mangroves still 
dominates all values, but ssall losses in man- 
roves will not cause the economic benefits of 
sonn buffering by mangroves to fall precipi- 
tously (Fig. 2A). The consequence is that the 
aggregate yalue across all uses ofthe mangroves 
(Ge. shrimp firming and ecosystem values) is at 


yawwsciencemag.org 


ity highest (S17.5 million) when up to 2 kn? of 
mangroves are allowed to be converted to shrimp 
aquaculture and the remainder of the ecosystem 
is preserved. This outcome also yields a more 
‘equitable distribution across. stakeholders (Fig 
2B), which may be an important objective in 
any EBM strategy for coastal management, Lo- 
«eal mangrove-dependent coastal communities and 
‘other coastal communities living within $ km 
‘would obtain approximately the same 
share of cconomic benefits from the mangrove 
system (S156 and $132 million, respectively), but 
now eutsde investors would cam some commercial 
profits fiom shrimp farming (S1.9 million) Finally, 
wwe noe that the outcome from our Thailand 
mangrove valuation example corresponds to 
“best practice” guidelines for mangrove manage 
ment in Asia, which recommend that ideal 
mangrovefpond ratios should not exeved 20% of 
the habitat area converted to ponds (23, 24). 

By including nonlinear relationships in an 
‘econcmic. valuation of ecosystem services, our 
results challenge the assumption thatthe eompet- 
ing demands of coastal interfice systems must 
always result in either conservation or habitat de- 
suction. As the case study of Thailand: man- 
ihe way in which ecological 
analysis is combined to estimate 


a large int on coastal EBM outcome. If point 
‘estimates of these values are used to projet linear 


relationships between the benefits of ecosystem 
services With respect to changes in key ecosys 
tem physical attributes, such as area or distance 
from shore, then the result might be w force 
EBM decision-making into a simple “all or 
This result is at odds with EBM 


strategies, which emphasize reconciliation be- 
tween economic development pressures and 
conservation of critical ecosystem resources and 
services (5-8). However, if the nonlinear ecolog- 
ical function underlying a serve, such as coxstal 
protection afforded by mangroves is incorporated 
ito economic valuation, then we more realist 
cally represent how eccosystem services change 
With habitat conversion and how EBM may best 
be wed 
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B-Catenin Defines Head Versus 
Tail Identity During Planarian 
Regeneration and Homeostasis 


Kyle A. Gurley, Jochen C, Rink, Alejandro Sénchez Alvarado* 


‘Alter amputation, freshwater planarians properly regenerate a head or tail from the resulting 
anterior or posterior wound, The mechanisms that differentiate anterior from posterior and direct 
the replacement of the appropriate missing body parts are unknown. We found that in the 
planarian Schmidtea mediterranea, RNA interference (RNA\) of {catenin or dishevelled causes 
the inappropriate regeneration of a head instead of a tail at posterior amputations. Conversely, 
RNAi of the f-catenin antagonist adenomatous polyposis coli results in the regeneration of a tail at 
anterior wounds. In addition, the silencing of f-catenin is sufficient to transform the tail of uncut 


adult animal 


0 a head. We suggest that ji-cater 


functions as a molecular switch to specify and 


maintain anteroposterior identity during regeneration and homeostasis in planarians. 


~Catenin is a mulifunetional protein that 
controls transcriptional output as well as 
cell adhesion. During embryonic develop- 
ment of both vertebrates and invertebrates, 
Becatenin regulates a variety of cellular processes, 
including organizer formation, cell fate speciti- 
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cation, proliferation, and differentiation (J-9). in 
adult animals, the Wnt -catenin pathway partic- 
ipates in regeneration and tissue homeostasis; 
misregulation of this pathway can lead to degen- 
erative diseases and cancer in humans (9-12), In 
response 10 upstream cues, such as Wt ligands 
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binding to Frizzled receptors, B-catenin accumu 
lates in nuclei (Fig. 1/A) and invokes transcrip- 
tional responses that direct the specification and 
patterning of tissues (/3, 4), Adenomtous 
polyposis coli (APC) is an essential member of 
1 destruction complex. that phosphorylates. B+ 
catenin, resuhing in its constitutive devradation, 
Hence, loss of APC feads to a rise in prcatenin 
Jevels that is sulficient to drive transcriptional re- 
sponses (/5). The intracellular protein Dishevelled 
‘has multiple functions but plays an essential mole 
8 a positive regulator of freatenin by inhibiting 
the destruction complex (/6), 

As part of a systematic effort 10 define the 
roles of signaling pathways in planaria, we ana- 
lyzed the canonical Wt signaling. system in 
Schmidiea mediterranea. We cloned and deter- 
‘ined the expression patterns of all identifiable 
homologs of core pathway components (Fig, 1A) 
and silenced them, individually or in combina 
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tions, on the basis of likelihood of redundancy as 
«gleaned fiom the expression data (figs. S1 10 S6 
and table S1), RNAitreated animals were then 
amputated to assess the role of the silenced genes 
during regeneration (Fig, 1B), Afier head and tail 
amputations of control worms, the remaining 
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‘trunk formed one anterior and one posterior 
blastema, which then differentiated to replace the 
missing structures (Fig. 1C: = 28). However, 
RNAi of a single Beeutenin (Smed-ficatenin-1), 
both dishevelled homologs (Smed-dvl-1:Smed- 
dvl2), or APC (Smed-APC-1) caused striking 


Fig. 2. Signaling through f-catenin defines head versus tail during regeneration. (A) Canonical 
‘Wnt pathway. Numbers denote S. mediterranea homologs identified and silenced. (B) Experimental 


strategy. (C to V) Trunk fragments 14 days after amputation. Dashed lines, amputation planes; 


control, unc-22(RNAi). (C) to (F): Live animals. (D) and (E): Smed-,icatenin-1(RNAi) and Smed-dvl- 
1(RNAi);Smed-dvl-2(RNAi) posterior blastemas formed heads with photoreceptors (arrowheads). 


‘Smed-dvl-1(RNA) 


imed-dv-2(RNAi) fragments also developed ectopic photoreceptors, often 


within old tissues (arrows). (F): Smed-APC-1(RNAi) anterior blastemas formed tails. (G) to (V): In 
situ hybridizations (n > 5 per marker). Markers: CNS, prohormone convertase 2 (PC2); gut, porcupine 
(Smed-porcn-1); anterior, secreted frizzled-related protein (Smed-sFRP-1), posterior, frizzled 
(Smed-fz-4). (G) and (K): Normal brain and ventral nerve cords; single anterior and dual posterior 
gut branches (dotted lines) (H), (, (U), and (M): Smed-catenin-1(RNAi) and Smed-dvl-1(RNAI;Smed- 
dul-2(RNAi) posterior blastemas developed brain tissue and head-like gut branches. ()) and (N): 
‘Smed-APC-1(RNAi) anterior blastemas developed tal-tke nerve cords and gut branches. (O) and (S): 


Normal anterior and posterior marker expression. (P), (Q), (T), and ( 


and. Smed-dvl-1 (RNAi);Smed-dvl-2 (RNAi) 


}: Smed-{catenin-1(RNAi) 


iduced anterior marker expression at both ends, 


whereas the posterior marker was virtually undetectable. (R) and (V): Smed-APC-1(RNAi) induced 
posterior marker expression at both ends, whereas the anterior marker was virtually undetectable. 


Scale bars, 200 um. 
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alterations in the anteroposterior (A/P) identity of 
regenerating tissues (Fig. 1. D to F). Both blas- 
temas of Smed-Beutenin-1(RNAi) worms adopied 
an anterior fate, resulting in animals with two 
beads of opposite orientation (penetrance ~ 100%, 
n= 39), Smedtsh-I(RNAD;Smed-dht-2(RNAD 
worms also regenerate heads from both blasts 
but displayed additional phenotypes, inclu 
ectopic and supernumerary photoreceptors in the 
anterior region. This is consistent with the 
multiple roles of Dishevelled in different path- 
‘ways (Fig. 1E; penetrance = 75%, n= 20), On the 
other hand, Smed-APC-1(RNAi) animals revener- 
‘ted tails ftom both amputation planes (Fig, 1F; 
penetrance = 61%, = 43), 

‘To address whether these changes were super- 
ficial or reflected a fate transformation of intemal 
celltypes and organ systems, we used anatomical 
and molecular markers of AP identity, Anatomically 
‘wo ongan systems with characteristic 
along the A/P axis were examined: (i) the central 
‘nervous system (CNS), composed of two anterior 
cephalic ganglia (brain) and two ventral cords 
projecting posteriorly (Fig. 1G), and (ii) the 
digestive system, consisting of a single anterior 
and two posterior gut branches (Fig. 1K), The 
“posterior” had of Sined-Beatenin-1(RNAD and 
Smed-dvt-1/RNAV);Smed-tvl-2(RNAY animals 
contained a characteristcally anterior nervous 
system and gut, as did the “anterior” head (Fig. 1, 
the “anterior tal 
als was devoid of is 
ccemible brain tissue and exhibited posterior struc- 
tures, as did the “posterior” tail Fig. 1 J and N), 

To define the molecular estent of A/P mis- 
on, Weused two markers identified during 
car in situ analyses that are specifically express a 
the anterior and! posterior ens of intact and ree 
crating. animals (Fig. 1, A, ©, and S), Smeds 
SFRP-1, a homolog of secreted Frizzlod-related 
proteins (sFRP), was expressed in an arch of cells 
‘capping the anterior edge of the animal. In con- 
teast,Smev-£2-4, homolog of Prizled receptors, 
‘was expressed atthe posterior edge ina posterior 
to-anlerior gradient, We refer to SinesFRP-1 and 
Simed-f-4 as the “anterior marker” and the “poste- 
sor marker." respectively, inall subsequent analyses 

In Smed-Beatenin-I(RNAi) and SmedlodvI- 
RNAi):Smed-dvl-2(RNAD worms, the “poste 
rior” head expressed the anterior marker, whereas 
the posterior marker was severely reduced or 
absent (Fig. 1, P,Q. T, and U). Conversely, the 
anterior” tail of Sined-APC-H(RNAD animals 
expressed the posterior marker, whereas the an- 
terior marker was severely reduced oF absent 
ig. 1, Rand V), We noted that misspecitied 
heads and tails in RNAi-treated worms moved 
independently from the rest of the animal, 
hence this tissue was functioning autonomously 
(movies S1 10 $3), We conclude that silencing 
Smed-Beatenin-1, Smed-dvl-1(RNAi):Smedddl- 
2IRNAi), oF Smed-APC-1 is sutticient 10 mise 
spevily blastema ident 

‘The inappropriate regeneration of complete 
heads and tails in RNAiteated animals sug- 
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Fig. 2. Smed:ficatenin-1(RNAD and Smed- 
‘APC-1(RNAi) phenotypes manifest early, and 
the Smed+APC-I(RNA?) phenotype depends 
on Smed-ficatenin-1. (A) Anterior (Smed- 
‘SFRP-1) and (B) posterior (Smed-fr-4) marker 
expression time course in regenerating trunk 
fragments. Anterior (ant) and posterior (post) 
blastemas from the same representative frag- 
ments are shown (n> 15 per condition), Scale 
bars, 200 jum. (C) Double-silencing experi- 
ments assaying Smed-sFRP-1 expression in 
anterior trunk blastemas 4 days after ampu- 
tation; animals were scored as high, low, or 
absent (see examples, top row). Proportions 
of scored animals are listed for each cat- 
egory (n > 24 per condition). Control, 
‘une-22(RNAI. 


Fig. 3. Smed-\Seatenin-1, Smed-dv- 
Smed-dvl-2, and Smed-APC(RNAI) 
phenotypes do not depend on posi- 
tion or orientation of amputation, Frag- 
ments 14 days after amputation are 
shown; contro, unc-22(RNAD, (A to E) 
C2 in situ hybridization (CNS) (n > 5). 
‘Smed-eatenin-1(RNAI) and Smed-dvt- 
(RNAI ;Smed-dvl-2(RNAi) fragments 
regenerated posterior brain tissue; Smed 
APC-1(RNAi) fragments failed to regen- 
erate anterior brain tse. (F to MO During 
lateral regeneration, Smet fcotenin-10RNAD 
‘and. Smed-dvl-1(RNAi;Smed-dvl-20RNAD 
‘animals developed supernumerary heads 
‘and. photoreceptors; Smed-APC-1RNAD 
prevented proper regeneration of these 
structures (7 > 15). Photoreceptors were 


gested that regulators of fe-eatenin act early dur 
ing regeneration. We therefore used the anterior 
and posterior markers to investigate the onset of 
blasiema differentiation in control and RNAE 
tated trunk fiagments (Fig. 2, A and B) In 
control animals at 12 hours afier amputation, 
the anterior marker was virtually undetectable, 
whereas the pestcrior marker was clearly evident 
in the postenor blastema: 24 hours afler ampu- 
tation, the two markers recapitulated the A/P 
specificity seen later during 
adult animals (Fig. 1,O and S; Fig 
However, in Smed-Beatenin-1(RNAD trunks, the 
anerior marker was expressed at both ends by 12 
‘hours and maintained throughout the experiment, 
whereas the posterior marker remained markedly 
reduced (Fig. 2, A and B). The reverse was ob- 
served in Sievds4 PC-/RNAi) trunks (Fig, 2, A 
and B), Consistent with the inferred time window 
for featenin signaling, Smed-ficatenin-I and 
Smed-APC-1 were expressed at both ends in 
wikltype animals by 12 hours (fig. $7), These 
results indicate that eatenin and APC act very 
carly to determine blastoma identity 
Wenextused an forboth Smet 
fheatenin-1 and Smed-APC-1 to west whether the 
Smed-APC-(RNAY) phenotype resus from in- 
in activity. Under these conditions, 
s were properly fated, indicating 
pool SmeiAPC 
0), 
Additionally, posterior blastemas sloped an ane 
sor fie, ixicaing thatthe Smut eatenin-1(RNAD 
‘Phenotype does not depend on APC activity. The 


visualized with VC-1 antibody (25). (N to U) In stu hybridization (n > 5 per marker). Anterior marker 
(Smed-sFRP-1) expression expanded posteriorly along the blastema in Smed-fcatenin-1(RNAD and 
Smed-dil-1(RNAI;Smed-dv-2(RNAD animals, whereas Smed-APC-IRNAD restricted expression to 
preexisting tissues. Posterior marker (Smed-fe-4) expression was severely reduced in Smed-cateni- 
1(RNA}) and Smed-dvl-1(RNAi)‘Smed-dvE-2IRNA}) animals but expanded throughout regenerated 
tissues in Smed-APC-IRNAD animals. (F) to (WD: Live animals. White arrowbeads, photoreceptors; back 
arrowheads, extent of anterior marker expression. Seale bars, 200 yum. 
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‘essary and sufficient to speci tal ate. In contrast, 
hrough Prcatenin is blocked or never oc 
‘curs at anterior amputations, and this is necessary 
and sufficient to specify head fate. The premature 
expression of the anterior marker in Sinev-ficateri 
T(RNAi) worms dicate that in wild-type 
planar 
diately follow amputation (F 
that B-catenin activity acts as a molecular sw 
to specify head versus tail fate in. pl 
We then explored whether the [Heatenin 
switch plays a role in blastema identity regardless 
of the AVP location or angle of amputation. In 
deed, the head fraganents of Smal-Beatenin- (RNA 
and Smededvl-1(RNAD:Smed-dvt-2(RNAI) worms. 
regenerated head from the posterior wound 
(pent 79%. n-= 24; penetrance 
33, respectively), and the tal fragments of Sine 
{PC-H(RNAD worms regenerated 3 tail from the 
anterior wound (penetrance 
A to B, and movie S4), Afier lo 
putation along the 
a blastoma alo 
mediolsterally (Fig. 3, F, J, N, and R). In con- 
trast, Smed-eatenin-I(RNAi) and Smed-dv'- 


1/RNAi):Smedt-2/RNAD worms regenerated 
anterior tissue and developed multiple ectopi 
heads along the lateral ede (Fig. 3, G, HK, L, 
0, PS, and T), The most severely affected Smed- 
APC-H(RNAi) wooms regenerated posterior tissue 
and filed to replace the st ead structures (Fi. 3, 
1. M.Q. and Up. Ths the laterally regenerating 

RNAdreated animals was mispecifcd. 
(Our data inicate that catenin activity is nulstod 
during luteal regeneration and that the B-catenin 
switch 


Sined-Sicutenin- (RNAi avimals ake displ 
striking changes in the nonregenee tions 


expressed the anterior mark 
around the circumference of th 
A, B, D, and E), By day 14, toanew 
head, moving head rusions developed 
from the periphery (Fig. 4, C and F, and, 
5). Similar protrusions also developed in trunk 
fragments (movie $2). 

‘Such fate changes may have boon initiated by 
amputation, We therefore observed unamputated 
ntact) worms 14 days after the final RNAi feeding. 
Ectopic photoreceptors were visible in th: tail ofall 


Ta] 


Fig. 4. Smed-{catenin-1(RNAi) transforms nonregenerating tissues. (A to F) Tail fragments. (A), 
(B), (0), and (€): Anterior marker (Smed-sFRP-1) analyses 24 and 48 hours after amputation 
revealed early ectopic expression in Smed-catenin-1(RNAi) (n > 5 per condition). (C) and (F): Live 
tail fragments 14 days after amputation. Smed-icatenin-1(RNAi) caused lateral ectopic protrusions 
(arrowheads, ectopic photoreceptors; arrows, abnormal protrusions) (G to R) Transformation of tail 


into head 


sue in uncut Smed- (cate 


(RNAI) animals 14 days alter final RNAi-feeding. (G) and 


(MW): Live animals. () and (0): PC2 in situ hybridization (CNS) (n > 4). (K) and (Q): Anterior marker 
expression ( > 4). (H), (J), (D, (ND, (P), and (RY: Magnification of tail tips [boxes in (G) and (\)]). (H) 


and (1 
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/C-1 antibody staining (photoreceptors). Control, unc-22(RNAi). Scale bars, 200 jum, 


(= 20) Smed?-Beatenin-1(RNAD animals and none 
(of the control animals (Fig. 4. G, H, M, and N), 
Intact RNAi-eated animals also exhibited ectopic 
bbtcral protrusions, formed a brain inthe til region, 
and expressed the anterior marker posteriorly (Fig 
4,110 Land O10 R, and movie $6), The molecular 
of AP polarity in an adult 
‘rganism was previously unknown, 

Together, our data demonstrate the funda 
mental importance of f-catenin in the mainte 
of polarity and cell fate during ration 
and homeostasis in planarians (lig. $8). Our 
findings reveal a dy fol of Becatenin in 
ult animals that is not readily apparent during, 
the progression of embryogenesis: The precise 
quantity and location of regenerating tissue is 
different for cach individual and for each 
on event, newly regenerated tissues must 
integrate with the od, and ongoing homeostatic 
cell tumover may require sustained instructive 
‘cues. It is interesting that we did not observe any 
head or tail misspecification phenotypes for any 
of the upstream components of canonical Wnt 
wt (Wnts, Frizzleds, or Porcupines; see 
table $1), Although we cannot rule out protein 
perdurance, incomplete gene silencing, 
dundancy with known or unider 


mic 


upstream mechan 


sm to specify polarity during 


xcneration and/or homeostasis. Indeed, 


ing 
carly sea urchin development (14, 17, 18). With 
respect to putative downstream effectors, planar: 
sin regenerate double heads after pharma. 
ological gap junction inhibition, 
implicated in gap junetion formation and func 
tion (/9-21), Finally, whether specification and 
jenance of the planarian A/P axis via f 
catenin is or is not independent of Hox proteins 
remains to be determined. 

More than 100 yea 


J sug. 
in the picce itself de- 
Il develop a the anterior 
il at the posterior cut surfice 


gested that “somethin 
termines that a head s 


cut surface and 
(24). Our results indicate that f-catenin activity is 
a key target of polarity specification in planar 
inns, providing mechanistic insight into the old, 

swered question of how blastema fate is 
controlled. We propose that the evolutionarily 
ancient Beatenin protein, in a manner reminis- 
cent of its role during metazoan embryogenesis 
(6. 8), acts as a molecular switch in adult pls- 
narians and that it may play a similar role inthe 
‘adult tissues of other animals, 
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Smed-Bcatenin-1 |s Required for 
Anteroposterior Blastema Polarity 
in Planarian Regeneration 


Christian P, Petersen* and Peter W. Reddien*?* 


Planarian flatworms can regenerate heads at anterior-facing wounds and tails at posterior- 


cing 


‘wounds throughout the body. How this regeneration polarity is specified has been a classic 
problem for more than a century. We identified a planarian gene, Smed-catenin-1, that 
‘controls regeneration polarity. Posterior-facing blastemas regenerate a head instead of a tail in 
‘Smed-Bcatenin-1(RNA#) animals. Smed-ficatenin-1 is required after wounding and at any 
posterior-facing wound for polarity. Additionally, intact Smed-(scatenin-1(RNAi) animals display 
anteriorization during tissue turnover. Five Wnt genes and a secreted Frizzled-related Wnt 


antagonist 


ce gene are expressed in domains along the anteroposterior axis that reset to new 


positions during regeneration, which suggests that Wnts control polarity through Smed-{scatenin-1. 
Our data suggest that [catenin specifies the posterior character of the anteroposterior axis 
throughout the Bilateria and specifies regeneration polarity in planarians. 


he ability to regenerate bs widespread and 
| ‘varies in degree within the animal kingdom. 
Planarian flatworms are dramatic exam- 

pies, capable of regenerating a complete animal 
from nearly any fragment of the organism. Am- 
Pputation induces the formation of a regeneration 
biastema, which differentiates to proxiuce miss- 
ing strictures. Blastema formation requires adult 
stem cells called neoblasts (/), More than a cen- 
tury ago, Randolph (2) and Morgan (3) noted 
that transverse planarian pieces ean regenerate 
a head and a tail at the anterior and posterior 
\wound sites, respectively. Furthermore, anty boxty 
region can become involved in either head or 
tail regeneration depending upon the identity of 
the missing tisue (Fig. 1A), Therefore, planarians 
Possess a robust system throughout the antero- 
Posterior (A-P) axis for specifying the identity of 
missing tisue at wounds. This system has been 
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named “polity” Morgan observed that very thin 
transverse pices occasionally regenerate animals 
with two heads and hypothesized that a gradient 
‘of material establishes regeneration polarity 
Although these features of planarian regenera 
tion are frequently deseribed in textbook exam 
1pks of polarity, no previous explanation exists 
forthe underlying genetic mechanisms that spec- 
ify regeneration polarity 

‘The planarian Schmidtea mediterranea has 
‘emerged as a powerfll molecular genetic system 
for studying rezeneration because of genome 
sequence availability. the ability to use RNA 
interference (RNAi) (4, ) 
position of the organism within an understudied 
Protostome superphylum, the Lophotrochazoa 
(6). To study polarity in planarians, we performed 
an RNAi sereen involving surgically removed 
heads and tails (Fig. 1B). We identified a sin 
‘gene required for polarity and named the gene 
Smed-Beatenin-1. The trunks of Smed-featenin- 
1/RNAd animals regenerated apparent heads at 
both posterior facing and anterior-facing wounds 
(Fig. 1C). This dramatic phenotype is reminis- 
cent of the polarity transformations observed in 
Morgan's classic sungical manipubation experi- 
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ments. 


Double-stranded RNA (dsRNA) fiom 
gene not present 
in phinarians, served as the RNAi control (F 
1), The predicted SMED-SCATENIN-1 pro- 
tein is homologous to f-catenin proteins found 
in other animals (tig. SLA), freatenin proteins 
‘mediate canonical Wot signal transduction to ny- 
ulaic many developmental events (7), SMED- 
BC 1 possesses at least nine pradicted 
amnadillo repeats and a candidate N-terminal 
GSK-38 phosphorylation site (G 
Phosphorylation can regulate freatenin stability) 
g. SIB) (8), Because armadillo repeats 
be very degenerate (9), more armadillo repeats 
may exist and not be recognized in this protein, 
‘Smed-Beatenin-1 mRNA was broadly expressed 
in in situ hybridizations and reduced in Smed- 
Beatenin-1(RNAi) animals (fig. S2), 

Seid-Beatenin-1(RNA}) posterior blastemas 
contained two apparent photoreceptors (Fig. IC) 
and possessed headlike stretching behavior (1 
105/107). These posterior blastemas also con- 
tained cell types nomnally associated with the 
head, including photoreceptor neurons and 
cephalic ganglia (Fig, 1D), Posterior blasters 
displayed local headlike polarity, with photo- 
receplors being more distal 10 the wound site 
than cephalic ganglia. Anterior-specific tran- 
scripts can be observed in the posterior Sined- 
Beatenin-I(RNAD blastemas by 72 hours after 
amputation (li. S3), Additionally, Smev-Beutenin- 
RNAi) posterior blastemas lacked the tail pat 
tem of H.1.3b-zonadhesin expression (Fig. 1E). 
‘Together, these data indicate that posterior Sined- 
Beutenin-(RNAi) blastemas are heads. 

Smed-Beatenin-I(RNAi) animals regenerated 
‘posterior-facing heads at multiple A-P locations, 
indicating a requirement for Smed-flcatenin-1 
throughout the A-P axis (Fig. 2A, fiz, S4). We 
injected Smed-Beatenin-I dsRNA into freshly 
amputated wikl-type transverse fragments to in- 
hibit Smed-Seatenin-! only during, regeneration, 
Because these animals displayed a 100% pens 
‘rant polarity reversal, Sined-atenin-1 is required 
during regeneration for the polarity decision (Fig. 
2B), In addition, because these pieces only con- 
tained a small region of preexisting tissue, Smevt- 
Beatenin-1 can be requined locally 
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Multiple incisions made in Smev-Batenin- (Fig. 4A) and for Smed-wna-1 in a graded fash- eg 25 animals each), possibly be- 
(RNAi) animals resulted in the production of ion from the posterior (Fig. 4B). Expression was cause of redundancy among the many posteriorly 
side-focing heads, dramatically illustrated by the detected for Smev-wntP-2 in the posscrior half of expressed Wat gones. Wat signaling is known 
headed Smedfeatenin-/(RNAL) animal in Fig. the animal and intcmally around the pharyn (Fig. wo be inhibited by secreted fizzled-telated pro- 
2C. Heads grew from side incisions at locations 4C), for SmedventP-3 at the anterior pharynx tins (SFRP) (17). We cloned an S. meliterramewt 
far from either pote of the animal (Fig, 2C) and end (Fig. 4D), and for Smevdewnr2-1 lacrally in. sFRP gene (Smed-sFRP-1) (10) and found it 
als that retained their original posterior — the anterior half of the animal (Fig. 4E), RNAi wo be expressed at the anterior pole (Fig. 4F), 
pole (ig. $4). Thus, Smev-Beutenin-1 is not w= of Wat genes did not result in posterior head The Sine-wnr wones Sied-sintP-1 thr 
duized only to specify the posterior mest pole 
during regeneration. Given this observation, We ig, 2 lnititon of Smedcatein- 
asked whether Smed-Bastenin-) is simply re- 7 resals in posterior blastema poar- 
quired to suppress a complete head-peoduction ty reversal. Day 10 of regeneration. 
program at any wound. Smed-Beutenin-I(RNAI (A) Regeneration polaiy: cells be 
animals could regencrate their head tips, rather — tween planes “I” and "I" can become 
than producing an additional head following such involved in head or tail regener- 
injury. This indicates that these animals retained ation (27). (B) Cartoon, amputa- 
the abiliy wo repair only the exit of tissue mis tions (red); arom, indicates trunk 
ing (Fig. 2D), Therefore, Smeil-Beatenin-1 likely fragments shown. (C) Anterior, top. 
does not simply suppress a iplete head for- PR, photoreceptors. Red dots, approx- 
mation program, imate blastemafold tissue boundary. A 

Afler transverse amputations, animals are chal- Control une 220RNAD trunk produced 
Jenged to form a new anterior or posterior pole, 2 Pasteior tal = 1147118), and a 
Planarians can also regencrate other tissues, such SMed-fcatemin-RNA) trunk frag- 
as tissue along the enti ment produced a head at the paste 
ieration of missing sides. Afler sagitial a Hor wound br 305/207), © aid 

‘Anterior, let. (0) The photoreceptors 
ne x al half of PR), cephalic ganglia (cq), and ventral 
ime-atenn-1(RNA) fragments regenerated Nene cas re) of regeeaing Pus 
multiple anterior photoreceptors and side-facing Were labeled. with setbodies (VC 
head-like protrusions (Fig. 3A). These animals antharestin; , anti-synaptotagmin, 
possessed expanded cephalic ganglia and anteri- SYP), A Smed-(ieatenin-IRNAD pos: 
‘or maker expression in blastemas, as well as terior blastema showed VC-1. and 
ectnk cals gain n siding tn ST sting = 6). (A St 
sions (Fig. 3A). Thus, Simed-Beatenin-I(RNAD —[Seatenin-1(RNA} posterior head et _ in-(RNAD 
annals dopiyed ascirtzaion of blatemas ached the normal poster expres i i 
in which an entire A-P axis must be pattemed. sion of H.1.3b (n = 6/6). Arrow, posterior blastema. Scale bars, 500 jum (C) and 200 jm [(D) and (ED). 
Together, our amputation experiments suggest 
Smed-fiatenin-L normally promotes posterior 
aspects of A-P axis regeneration: tal rather than 
head formation at posterior poles and A-P re- 
gionalization in blastemas that produce tissue 
along the entire A-P axis, 

Uninjured phinarians constantly replace aged 
differentiated cells. To determine whether Smet 
feaenin-1 i requited for instructing the posttior 
fas of new cel, uninjured Se uknin CRNA) 
animals were observed during homeostasis. A 
slow t on of the body was observed, in 
Which head-ike tisue appcaned at the posterior 
poke (Fig, 38) and, ukimately, round the periph- 

‘ofthe animals and at the pharyns (Fig. 3 
D). Therefore, Simet-featenin-1 is required for 
the homeostatic maintenance of the A-P axis. 

Because B-catenin proteins are well-established 
efcctors of Wnt signaling, we hypothesized that 
Wins could provide the A-P positional informa 
tion neeessuy for blasema polarity decisions. We 
‘characterized five Wnt-family genes in S. meliter 
‘ranea and narned them Smed-wnP-1 through -3 


jons to remove the 


iS 
Ey 
Ey 


ransform 


unc-22(RNAi) 


‘Smed-Bcatenin-1(RNA) — Smed-icatenin-1(RNA) Smed-catenin-1(RNA) 
Fig. 2. Smed-icatenin-1 inhibition affects polarity throughout the A-P axis, locally after wounding, and 
‘an result in superiumerary head regeneration. Amputations (red). Anterior, left. Scale bars, 500 
Smextwnt2-1. and Smed-wntll-1 (10). As assayed microns. (A) Smed-fcatenin-1(RNAi fragments produced posterior-facing heads at three anteroposte- 
by whole-mount in sity hybridization, these Wnt rir locations amputation planes |, I, and Hl). (B) Transverse fragments were generated 1 hour belore 
xenes were expressed in distinct domains along gsRNA injection. A Smed-catenin-1(RNA animal formed a posterior head (n = 10/10), (C) Multiple 
the A-P axis and may therefore encode si side incsions and tail removal were made to generate a sir-headed Smed-atenin-1(RNAi) animal 
ing molecules that specity phmarian A-P axis (asterisks, supernumerary heads). (D) Smed-catenin-1(RNAI did not impair head tip regeneration 
polarity (Fiz. 4). Expression was detected for (arrows, blastema; red dots, approximate blastemaold tissue boundary; n = 10/10). Day of regen- 
Smed-wnt the tail tip eration: (A) and (B), day 11: (O, day 20; (D) day 5. 


7 in one to four cells 
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Well as Smatunti-1, became expressed near 
posteriorsacing wounds (Fig. 4G, Smetana] /-] 
and Sined-wntP-2 expression abso we 
teriorly restricted in til fragments (Fi 
By contrast, Sined-wnt2-I was expressed near 
ds and restricted anteriorly 
4K), Following amputition, Sime 
SFRP-1 was expressed at new anterior poles (Fig 


4L). These homeostatic and regeneration expres- 
sion patterns suggest that the A-P planarian axis 
is regulated by anterior Wat inhibition and pos- 
terior Wat activation 
Our data suggest that a genetic program 

canonical Wnt signaling mediated by Smed- 
Beutenin-1—controls plananian AP tissue identity 
in homeostasis and blastema polarity in regencr- 


Fig. 3. Smed-icatenin-1 inhibition causes anteriorization during lateral regeneration and homeostatic 
tissue maintenance. PR and white arrows, photoreceptors. Anterior, left. Scale bars, 500 jm, (A) Smed- 
Batenin-1(RNA) longitudinal fragments regenerated multiple eyes ora side-facing head (e.g. 32/37 and 
8/37, respectively, after dsRNA injection and amputation within hours). (Red box inset) Enlargement of 
photoreceptors, In situ hybridizations with PC2 or POS riboprobes showed anteriorization (red brackets) 


‘and side-facing heads (red aster 


9s) in Smecficatenin-1(RNAD lateral blastemas. Animals are at day 12 


of regeneration. Black arrows, side with blastema. (B to D) Animals between 29 and 35 days of RNAi are 


\. in-1(RNAi) animals displayed (B) posterior heads (see red inset) 
47/48), (C) multiple head-ike peripheral protrusions (n = 12/25), (D) ectopic photoreceptors in 


headtike protrusions (VC-1-labeled, white arrows), and [(B) to (D)} protrusions at the pharynx (n = 24/25, 


yellow arrows) containing photoreceptors (n 


Fig. 4. Planarian Wnt genes and Smed-sFRP-1 are regionally expressed along the AP axis during 
homeostasis and regeneration. Anterior, top. Scale bars, 200 jm. Arrow, Smed-wnt or Smed:sERP signal. 
(Ato F) Dorsal views of in situ hybridizations of planarian Wnt genes in intact and (G to Lin day 4 to 5 
regenerating head, trunk, and tail fragments. (G to L) Cartoons depict expression patterns (purple dots), 
a5 well as surgical strategy (red lines). Smed-nnt genes were expressed in overlapping anteroposterior 


domains, with the majority is 


the posterior; Smed-sFRP-1 was expressed at the anterior pole. New 


expression was observed near wounds in regeneration. Images were taken with gamma = 0.67. 
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ation. We suggest that Sine eutenin-1 sets at 
peserior-facing wounds to effect the posterior 
rather than anterior polarity regeneration decision 
and that polarity is controlled by the A-P location 
of expression of Wat genes and Wnt signaling 
antagonists, Wnt signaling has come to be used 
for a myriad of patterning and cell proliferation 
rwkes in the course of the evolutionary diversiti- 
cation of the three superphyla comprising bila 
erally symmetric animals: the deuterostomes 
and two groupings from the protastomes, the 
Ecdysozoa and the Lophotrochozoa (6, 7,12-15). 
Among these roles, our data provide evidenes 
that an ancestral role of Wnt signaling is 49 pro 
mpte posterior aspects of A-P axis specification 
and regulation. This hypothesis is well supported 
by data fiom other organisms (76), For example, 
in multiple deuterostomes, Wnt and secreted 
Wot inhibitor ge presse in a manner 
that resembles the A-P polarity of expression 
scen in planarians, Specifically, Wint genes are 
expressed in the posterior of Xenopus embryos 
after the midblastula t 
as in the posterior of cephalochondate embryos 
(19), Funbermore, Want genes and a scented Wit 
antagonist are expressed at opposite (oral and 
aboral) poles of radially symmetric cn 
larvae (/2, 20), and pharmacologic inhibition of 
the P-catenin-inhibitory GSK-38 protein in hyd 
eas to expanded oral fates (27), The conserva 
tion of Wat axial expression fee 
diverse animals, combined with the requirement 
fae Smet-foatenin-1 in A-P regeneration polarity, 
saiggest a functionally critical and deeply: con- 
served role for fe-eatenin in A-P axis polarity, In 
ccdysazoans, Beeatenin controls anteroposte- 
rior axon polarity and cell division polarity in 
C elegans (22, 23), anteroposterior segment po 
larity in Drosophila (24), posterior segment pat 
terning in the intermediate germ insect Grythus 
‘imaculata (25), ad animal-vegetal cell polarity 
during embryogenesis of the lophotrochazexn 
annelid Planimereis deri (26), We propose that 
WNT signaling controls A-P axial polarity feures 
of most if not all bilaterally symmetric anim 
and determines the polarity of regeneration. 
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to 250 million at ri 


lamin A deficiency causes eye disease in 40 million children each year and places 140 
{for health disorders. Many children 


sub-Saharan Africa subsist on 


maize-based diets, Maize displays considerable natural variation for carotenoid composition, 


including vitamin A precursors c-carotene, (+-<carotene, and [-cryptoxanthin. Through association 
analysis, linkage mapping, expression analysis, and mutagenesis, we show that variation at the 
ycopene epsilon cyclase (IcyE) locus alters flux down «carotene versus [carotene branches of the 


‘carotenoid pathway. Four natural IcyE polymorphisms explained 58% of the variation in these 
two branches and a threefold difference in provitamin A compounds. Selection of favorable 
IcyE alleles with inexpensive molecular markers will now enable developing-country breeders to 
more effectively produce maize grain with higher provitamin A levels. 


‘aize is the dominant subsistence crop: 
Miers sn 
Ares, whee between 17 0 0% 


‘of children under age of $ are vitamin A 
deficient. This results in xerophthalmia (progres- 
sive blindness), increased infant morbidity and 
mortality, and depressed immunological responses 
(). Vitamin A deficiency stats with inadequate 
provitamin A or vitamin A content orbieavailailty 
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in foods and is exacerbated by discase-induced 
malabsorption, 

Diet diversification, foo fortification, and 
supplementation (2-4) have all been used to 
combat dictary micronutrient deficiencies. Ide- 
ally, all children would have access to a varied 
dict rich im fruits and vegetables, but dict di- 
\ensfication is often limited by crop seasonality, 
expense, and low bioavailability of green Keafy 
plant carotenoids (5, 6). Poor infrastructure in 
developing countries has limited widespread use 
Cf direct vitamin supplementation. Perhaps the 
most feasible approach to eradicating death and 
disease caused by dietary deficiencies is bio- 
fortification, a process by which staple crops are 
purposefully bred for higher nutritional density 
(7.4), Although biofoatified foods can potentially 
‘be an inexpensive, locally adaptable, and long 
tenn solution to dict deficiencies, cultural prefer- 
‘ences may limit their acceptance. This may be 
‘aticulary true for those crops where transgenics 
are the only altemative to boost provitamin A 
content. given limited acceptance of genetically 
modified organisms in developing countries. 

Carotenoids are derived from the isoprenoid 
biosynthetic pathway and are precunors of the 
plant hormone abscisic acid and of other apo- 


carotenoids (9), The first committed step of this 
pathway {as recently revised (70) is formation 
of phytocne fiom geranylgerany! diphosphate 
bby phytocne synthase (v//pav) (Fig. 1) (1), 
Recent studies in maize suggest that the pv 
Jocus has boen the target of a selective sweep 
following selection for endospemm-accumulating 
carotenoids and shift fiom white w_yellow 
Kemels (2), The first branch point 
pathway (Fig. 1) occurs at eyelization 
pene where action of lycopene beta cyclase 
(LCYB) at both ends of linear lycopene produces 
a molecule with two B rings, Altematively, the 
coaction of LCYB and lycopene epsilon cyclase 
(LCYE) generates a fie-carotene that isa 
precunor 10 lutein (/3). Relative activities of 
are hypothesized 10 regul 
the proportion of carotenes directed to each 
‘branch of this pathway (13-15), Indeed, trans- 
genic manipulations of LCYE expression in 
Arabidopsis, potato, and Brassica inerease the 
poo! of f ring-containing earotenes and xantho- 
phylls (13, 16-18). 

Maize exhibits considerable natwral varia- 
tion for kemet carotenoids, with some lines 


LCYB and LC 


accumulating as much as 66 ype. The pre 
core 
Psy 
|g 
iso 
Zaseristo 
tyeopene 
wore \ tere 
wey" [tere 
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10 | [Ho 
zemeranitin — pecrypioxantiin 
nyo | J Hvo 
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Fig. 1. Simplified carotenoid biosynthetic path- 
way in plants (29). Enzymatic reactions are repre~ 
sented by arrows, dashed lines represent multiple 
enzymatic steps. Substrates in red were evaluated 
in this study. Compounds: GGPP, geranylgeranyl 
diphosphate; ABA, abscisic acid. Enzymes: PSY, 
‘hytoene synthase; PDS, phytoene desaturase; 150, 
‘I5-cis zetacarotene isomerase; ZDS, zetacarotene 
desaturase; CRTISO, carotene isomerase; HYD, 
arotene hydroxylase enzymes, which include «- 
and Bering hydroxylases. 
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dominant carotenoids in maize kemels, in 
decreasing onler of concentration, ane hitein, 
zeaxanthin, Becarotene, B-cryptoxanthin, and « 
carotene. -Carotene contains two provitamin A 
structures (two nonhydroxylated Beionone rings) 
and freryptoxanthin and c-carotene one each 
(ingle nonhydroxylated -ionone ring). Among 
lines included in our diverse maize panel, fe 
carotene levels wached 13,6 jiz/e. However, 
most yellow maize grown and consumed 
thoughout the world has only 0.5 t0 1.5 wwe 
Becarotene. Comparisons between Prearotene 


indicated that marker-assisted selection (MAS) 
may prove much more efficient than selection 
based on color alone, 

‘To dissect the phenotypic diversity, we used 
an association-mapping approach that exploits 
the genetic diversity of maize to provide resolu- 
tion within 2000 base pairs (bp) (9-22). In the 
context of plant breeding, this has the added 
advantage of identifying the most favorable allele 
Within diverse genetic background, which 
provides the necessary genotypic information to 
facilitate the design of efficient maize introgres- 


and total earotenoids with grain color (sealed 
according w shade of yellow) revealed poor 
conelations with low A values (Fig. 2), which 


sion and selection schemes throughout the 
world, We complemented the association map- 
ping with linkage mapping to evaluate the 


weon9 


H : . 
Tot erotonoids j 4 ee oe 
8.48 u9/9 5.93 nalg ‘ ; Py 4 Py . 


‘Shade of yetlow 


Fig. 2. Grain color and carotenoid content. The graphs depict the low correlation between visual grain 
color and total carotenoids, {r<arotene, and f-cryploxanthin in diverse inbreds. in these kernels, the 
shade of yellow ranges from white (score of 1) to dark orange (score of 6). White kernels were excluded 
from the analysis. The difficulty in visual selection for (carotene content is further exemplified by the 
images on the left, where the yellow maize below has higher -carotene than the orange variety above. 
‘These correlations are across the diverse panel of 228 maize inbreds: correlations for grain color and total 
‘carotenoids are higher when scored across segregating populations and narrow ranges of germ plasm, but 
correlations for (-carotene and fcryptoxanthin remain low. 
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Fig. 3. Schematic diagram of the maize [c¥E. Putative transcription start sites are depicted with orange 
arrow, translated exons as black squares, and the sampled regions as gray boxes. Polymorphisms that 
significantly associated with changes in flux between the lutein and zeaxanthin branches of the pathway 
are labeled with asterisks. The 5' transposable element insertion(s) are represented by the white triangles. 
Positions relative to the sequence alignment are indicated numerically above the polymorphisms. 
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clffects ina genetically less complex back- 
ground and with a mutagenesis program to 
isolate novel allelic variation within an elite 
near-isogenic background 

‘Toevaluate functional diversity (Fig. 1), 


candidate genes representing select members of 
gene families encoding biosynthetic enzymes of 


the carotenoid pathway were sampled across a 
diverse panel of 288 maize fines, of which 204 
‘were yellow. Subsets of yellow fines were grown 
in four different years and surveyed for whole- 
kkemel carotenoids by high-performance liquid 
chromatography (HPLC). The yellow lines 
averaged 23 g/g for total carotenoids (range 
35 10 660 ppg) and 1.7 up/g for Bearoiene 
(range 0.06 t0 13.6 wwe). 

For association analysis, we used a mixed- 
model approach that controlled for complex 
population and pedigree relationships (22), 
Among our curent sampling of candidate genes, 
‘enpene epsilon evelase (lev) (4) had the 
langest effect on partitioning the two branches 
of carotenoids and, consequently, on frearotene 
and feryptoxanthin content, In maize, the 
single-copy oy gene consists of 10 exons 
spanning 3640 bp (Fig. 3). After initial associa. 
thon and sereening for polymomphisms in key 
haplotypes, four regions were selected and scored 
across the entiwe panel, On the basis of the 
position of LCYE in the biochemical pathway, 
\we predicted that the ratio of the sum of kemel 
carotenoids from cach pathway branch would 
form the strongest association. Indeed, this Was 
confirmed (Table 1), with the strength of the 
association confiming that ley plays a key role 
in controlling this ratio, Correspondingly, levels 
‘of predominant provitamin A compounds. 
carotene and fs<ryptoxanthin were also highly 
associated with ley: 

Subsequent haplotype analysis revealed sev 
cal probuble causative polymorphisms for the 
ratio of a- and f-carotene branches forthe 2003 
ficld season (table St). A large promoter indel 
sand an amino acid substitution in exon | explain 
most of the variation (R® = 36% n= 138: 
1.27 » 10°) with a S2-fold effect. A second 
indel in the 3° UTR also has a significant 3.3-fold 
effect and contributes to variation not explained 
bby the promoter polymomphism (type Il SS; 
P=1.9- 10), The fourth significant polymor- 
phism at position 2238 in intron 4 was associated 
‘with a 2.5-fold effect (type III SS: P= 0.0003), 
The overall, 
the variation (P = 9.2 = 10°'7), These signifi- 
cant polymomphisms exhibit some linkage dis- 
<quilibrium (LD), and only nine haplotypic classes 
«exist in our sample, which limits full differen- 
tiation of the effects of each polymorphism. 
Overall, there is a ninefold difference between 
two of the more differentiated haplotype clas- 
ses. and sixfold between two more common 
haplotypes (table S2). Thee was a threefold 
increase in the proportion of fcarotene and fi 
ryptovanthin between the common haplotypes. 
Verification of these results was provided by 
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significant associations in subsequent fiekd sea- 
sons (Table 1), 

Expression analysis indicated that lev is 
preferentially expressed in the endosperm rela- 
tive to the embryo (lig. SL). Expression profil- 
ing of kemels at 15 and 20 days after pollination 
(DAP) indicated expression levels correlated 
Well with the ratio of carotenoids from each 
pathway branch, explaining 70 10 76% of the 
Variance, Lines with transposon insertions. near 
the start site had much lower expression levels 
[in 1S DAP and 20 DAP lower by a factor of 
3.7 and 13, respectively (fig. S2)}. The 3° indet 
may also have expression efleets, but our sta- 
Tistcal tests lacked the power to confirm this 
hypothesis. A quantitative tt locus (QTL) exper- 
iment that examined segregation of B73-Mol7 
alleles in leaves found significant variation in 
the cis-regulation of fey expression, along with 
several other mgions that also contribute to ex 
pression level control of fevE (Fig. $3). 

Ina previous study, three major QTL were 
identified for accumulation of carotenoids in 
aize (23), Two of these QTL colocalized with 
1 and zeta curotene desaturase (zd): the tid 
QTL mapped to a region without a candidate 
gene, We mapped JevE to chromosome 8 bin 5, 
near marker bnlgl$99, and it colocalized with 
this previously undetermined QTL, This QTL 
showed significant effects for modification of 
the ratio of «0 fs branch carotenoids (logarithm 
Cf the oxids ratio for linkage (or lol) score of 
34.08; A $4.4%] and explained 31.7% of the 
Variation for lutein (lox! 16.5), The magnitude of 
effets was not as lange as in association oF 
mutagenesis analysis. However, this biparental 
QTL population only sewregated for the amino 
substitution (at codon 216) and a moxkest promoter 
polymorphism and does not seyregate forthe 3° 
polymomphisin, Notably, this QTL was not signif 
jean for total carotenoids, which further supports 
the conclusion that variation within fev gene 
underlies this QTL for carotenoid composition. 


Table 1. (cv associations across seasons. Association results for signifi- 
‘cant polymorphisms identified in the four regions sampled along the lcyE 
‘gene. Each polymorphism is labeled numerically by its position on the 
alignment relative to the exon 2 start codon, Followed by the favorable 
allele (boldyunfavorable allele at the site. An initial scan for association 


To confiem association and QTL results, 
mutagenesis induced by ethane methyl sulfonate 
(EMS) was conducted to isolate additional 
alleles of leyE. Two Mz ears of inbred Qx47 
segregated for a distinct change in endosperm 
color from yellow to orange. with orange reces- 
sive to yellow (these color changes were ap- 
parent in the inbred isogenic background, but 
not in diverse breeding materials), HPLC analy- 
sis of orange and yellow kemels confinmed a 
shift in the zeaxanthin:lutein ratio in the 
direction of zeaxanthin. This orange endosperm 
mutation was backerossed into the standart 
‘genetic inbred line B73, and JcvE was tested as 
4 candidate gene, which revealed that the Qx47 
LevE haplotype cosegregates with orange endo- 
spertn and ratio of a-carotene versus f-earotene 
‘branch carotenoids (fig. $4). 

‘The most favorable haplotype fr higher (+ 
‘carotene branch carotenoids included both the 
large promoter insertion and 3° 8-bp insertion. In 
the diverse panel we tested, this haplotype 
‘occurs in $% of temperate inbreds and 16% of 
tropical inbreds. MAS at this locus should be 
effective for several reasons: (i) The most favor- 
able haplotype is found with at least modest 
frequency in different germ plasm sources and 
thus breeders can select donors fiom their rel- 
atively more adapted sources. (ii) The favorable 
haplotype has a lange effect. (ii) Visual selection 
is ineffective for differentiating carotenoid com- 
‘position and selecting provitamin A compounds. 
iv) In comparison with HPLC analysis of 
carotenoids, polymers chain reaction (PCR) 
scoring of the AcyE loeus is much less expensive 
(costing perhaps 1/1000th that of HPLC) and 
more accessible to developing countries with 
sereatest need for provitamin A. 

‘An approach that empowers Jocal breeder 
involvement through inexpensive visual selee- 
tion for darker yellow to orange kernels to 
enhance flux into carotenoid pathway, and also 
incorporates MAS for /evE, should result in 


increased Ievels of provitamin A compounds. 
To expedite creation of improved germ plasm 
globally, we provide information on PCR-based 
‘markers (fig. S5), Donor inbreds and improved 
‘eeding lines derived at the Intemational Maize 
and Wheat Improvement Center (CIMMYT) 
fiom synthetics of diverse panel inbreds with 
higher B-earotene are available by contacting T. 
RR. This will facilitate selection worldwide of 
the most favorable KcyE alleles, whi 
begun in our program. We are sereening tropical 
‘breeding germ plasm collections in collaboration 
with CIMMYT. 

To dite, MAS for natural variation has 
limited by resolution and scope ( 
diversity). Alleles have generally been charac~ 
terized in the limited genetic background and 
resolution of biparental QTL studies, leaving 
question their relevance to brosder germ pl 
2%), particularly for germ plasm outside of the 
temperate United States, As a result, the primary 
use for MAS is backcross breeding of transgenic 
traits. In contrast, the association mapping 
approach used here allows for rapid generation 
of selectable markers based on performance of 
diverse germ plasm. This provides markers more 
relevant in a broad genetic background, and that 
enables breeders 10 search for favorable alleles 
in their locally adapted germ plasm sources 

In ongoing studies, we are atlempting to 
identify alleles for other yenes in the pathway 
that increase total carotenoids and that slow the 
conversion of B-carotene to freryploxanthin and 
zeaxanthin, to exploit more filly the natural genet= 
Je variation potential in provitanian A biotification 
of maize. These results will then be further in- 
‘comporate in breeding effons to ereate a healthier 
maize crop for the world’s poorest people. 

Although the genetic results and stratexy 
presented here are encouraging, they need 10 
be placed in context as part of an overall bio- 
fortification effort encompassing breeding int 
structure, seed distribution, societal accept 


‘conducted using the mixed model incorporating population structure and 
kinship. Subsequently a simpler general linear model (GLM) was used to 
evaluate data sets from additional years, including population structure 
(0), given the oligogenic behavior of the trait the change in flux estimates 
for 2003 do not include Q. Avg., average; n.c, nonconvergence; n.s., not 


using both j-carotene and the ratio of the two pathway branches was significant. 
ley association (), 
nixed model of. IcyE association as a ratio across Fold change 
BCarotene/all Ratio of branches environments (GUM) (P) in flux 
Environment (year) (2003) (2003) (2002) (2003) ‘2004) (2005) (2003) 
‘Avg. observation no, as?) asa) aa) (156) 54) (156) 
Polymorphic site 
S'TE 144/23 5.42 «10% 3.96 x 10°? 0.024 8.05 x 107% 0.008 65 
216 «G/T ne. 135 x 10° 0059 = 12410" = 0,003 28 
22380 «G/T 122 x10" 169 x 107 0.008 212 x10" 0.023 27 
23120 «A/T 1.70 x 107 ne ns. 6.84 x 10% 0.026 29 
4184 «G/A 3.06 x 10 ae 887x10* 2.23 x 10°? 0.019 26 
435 C/G 184 x 10% 7.01 x 107° 0.012 3.07 x 107 575x10* 6.79 x 107 26 
3'indet 8/0 4.80 x 107 275 x 107 ns. 1.46 x 10° 897x10* 4.13 x 10 35 
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dietary habits, and nutritional impact, Informa- 
tion now available on some of these issues is 
‘encouraging. Results from an animal model for 
human vitamin A metabolism indicated vitarvin 
A activity of provitamin A in orange maize was 
jztwater than assumed by a factor of about four 
(25. A successful intervention to introduce 
‘earotene- rich, orange sweet potato in Mozambique, 
Where only white sweet potato was previously 
cultivated, suggests that orange-colored staple 
foods ean be acceptable, and their regular con 
sumption results in improved vitamin A status 
(26), Related follow-up acceptance studies of 
yellow and orange maize in Movambigue and 
Zimbabwe are in progress with initial results 
encouraging (27), The dietary habits of many 
Aliicans, in which maize is consumed for all 
three meals a day, indicates that maize is a good 
target for biofortfication (28), The recent posi- 
tive nutritional and acceptance results will need to 
be coordinated with comprehensive breeding and 
seed distribution efforts to realize the potential of 
provitamin A-biofortfied maize, as, for exam 
pile, is coordinated by the HarvestPlus: Global 
lenge Program. 
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Dual Positive and Negative 
Regulation of Wingless Signaling by 
Adenomatous Polyposis Coli 


Carter M. Takacs, Jason R. Baird, Edward G. Hughes, Sierra S. Kent, 
Hassina Benchabane, Raehum Paik, Yashi Ahmed” 


The evolutionarily conserved Wnt Wingless signal transduction pathway directs cell proliferation, 
cell fate, and cell death during development in metazoans and is inappropriately activated in 
several types of cancer. The majority of colorectal carcinomas contain truncating mutations in the 
adenomatous polyposis coli (APC) tumor suppressor, a negative regulator of Wnt/Wingless 
signaling. Here, we demonstrate that Drosophila Apc homologs also have an activating role in both 
physiological and ectopic Wingless signaling. The Apc amino terminus is important for its 
activating function, whereas the frcatenin binding sites are dispensable. Apc likely promotes 
‘Wingless transduction through down-regulation of Axin, a negative regulator of Wingless signaling. 
Given the evolutionary conservation of APC in Wnt signal transduction, an activating role may also 
be present in vertebrates with relevance to development and cancer. 


activate a signal transduction cascade that 

directs growth and differentiation in many 
tissues during animal development [reviewed in 
(CZ). Activation of target genes in response to the 
Wrw/We signal is dependent on the transerip- 
tional activator B-catenin Armadillo (Arm). In the 
absence of Wnt, four factors—APC, Axin, gly- 


T: Wav Wingless (Wa) secreted proteins 
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cogen synthase kinase-3Zeste white 3, and cascin 
kinase 1—target B-catenin for phosphorylation 
and subsequent proteasomal degradation 
Axin acts as a scaffold to facilitate catenin 
‘phosphorylation by binding B-catenin, APC. and 
the two kinases. Wnt-depengent down-regulation 
(of Axin is important for Becatenin- mediated tran 
scriptional activation (9-17). Mutational inactiva- 
tion of negative regulatory components in the 
pathway and the resultant inappropriate activa- 
tion of Wnt signaling is associated with the 
development of several types of cancer. The 
majority of colorectal adenomas and carcinomas 
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contain mutations that eliminate the carboxy 
terminal half of APC (/). 

The WntWe signaling pathway shows con- 
siderable conservation among metazoans. Two 
APC homologs exist in humans, mice, and fruit 
flies, and the negative regulatory role of APC in 
‘Wot signaling is conserved from flies 10 mam 
mals (12-15). Drosophila Apel and Ape2 are 
ubiquitously expressed, and in most cells set 
redundantly to negatively regulate Weg signaling 
(16, 17), However, in retinal photoreceptors, 
Ape? activity és low enough that inactivation of 
Apel singly suffices to constitutively activate 
We signaling (13. 16), In response, all photo- 
sccepiors undergo apoptosis (13) (Fig, 1, A and 
B) and before their deaths some photorecepvors 
adopt an aberrant cell fate as indicated by ec- 
topic expression of homothora and Rhoxopsin 
3 U8. 19) (fig. SI, A to F), 
identify genes that promote We signal- 
performed 3 genetic sereen for suppres 
Photoreceptor apoptosis in the Apel 
null mutant (Methods), We found that apoptosis 


is suppressed by null and hypomorphic Ape? 
alleles (Fig. IC; fig. S2, A to C; fig. $3, A.t0 Hs 
and table $1). Ectopic expression of hamorhoray 


and Rhodopsin 3 is also suppressed, indicating 
that suppression of We signaling is not restricted 
to apoptosis (lig. SI, G to L, and fig. S4, A to 
P), Further, ectopic We signaling resulting from 
‘Amn overexpression is also partially suppressed 
by reduction of Ape? (fig. $8, A to C), These 
data indicate that in addition to its well-established 
negative regulatory role, Ape2 also has an 
tivating role in ectopic We sig: 


18 JANUARY 2008 


333 


334 


| REPORTS 


It is unknown whether this Apeactivating 
function in We signaling is also important during 
nommal development. Previous observation of an 
function may have been obscured by 
ive regulatory role of Apel and Ape: 
ir functional redundancy. Therefore, 
We developed strategies to reduce the combined 
activity of Apel and Ape2 to different extents 
We eliminated all Apel activity using the Apel 
null alle while simuttancously reducing Ape 
activity to various levels using different dpe? 
alleles, We used dpe? alleles such as dpe? and 

*, which include insertions in the 5! un 
fed region and reduce Ape? protein to low 
levels (Fig. 2A and table SI), and alleles that 


reduce Apc? activity even, funher, such as the 
molecular null allele pe?” and the deletion al 
eles Ape" and Ape! (fig. S2A. and table SD). 


Inactivation of We. Ann, or Arm's transerip= 

onal co-activators dTCF/Pangolin (Pan) and 
Legless results in loss of stemites, which are 
bristl-bearing cuticular plates in the ventral ab- 
omen (20-22)(Fig 2, B and Cand a Wingless” 
phenotype in which the wing blade is replaced 
by a duplication of the dorsal thorax or notum 
(21-24) (Fig, 2B, and fi, S6, € to F). We ob- 
‘serve both of these phenotypes in Ape! pe? 
double mutants that display low levels of Ape 
protein (Fig. 2, D ang F, and fig. S6F). In con- 
trast, abdomen an wing patterning is normal in 


1. Apc2 promotes Arminduced apoptosis in 
retinal photoreceptors. (A) A heterazygous Apc1°%4- 
‘adil ey; in each ommatidium, seven photorecestors 
are observe. (B) Al photoreceptors in the homozygous 
ApcA® null mutant undergo apoptosis. (© Apoptosis 
is suppressed by the heterozygous Apc2® deletion. 
Each image was obtained atthe same magnification. 
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Ape! ull mutants and in Ape? mall mutants 
Therefore, we conclude that Ape not only pro- 
motcs ectopic We signaling but is also required 

ling during normal devel- 
redundantly by 
Apel and Ape2. Further reduction in the com 
bined activity of Ape! and Ape? results in We 
hhypersctivation phenotypes in the abdomen ant 


wing, reflecting the negative mgulatory role of 


Ape (figs. S6 and S7). Thus, Ape! and Ape? not 
‘only prevent signaling when We is absent but 
also promote signaling in exlls responding to We. 

To determine a mechanism by which Ape 
promotes We signaling, we examined Axin Iev- 
cls (Fig. 3, A to C) aftr simultaneous reduction 
‘of Apel and Ape? (Fig. 3, D 1 1). Upon com. 
plete loss of Apel and Ape? (in Apel pe” 
null mutant wing clones), not only ane Amn 
M to 0) butakko Axin levels 
3, D to Fh. Axin kvels alo 
increase in cells with reduced Ape activity, which 
retain the ability to promote some Arm degracta- 


ton (in Ape! Apc? mutant clones) (table SL 
and Fig. 3, G to Land P to R), This Axin inerease 
is present in cells regardless of their location 
‘within the wing dise and thus is not restricted to 
calls exposed 0 We. Funhermore, these in- 
ceased Axin levels do not result from enhanced 
Am-mediated transcription (fi S8). Our results 
reveal that Apel and Ape2 negatively regu 
Axin levels, suggesting a mechanism for the 
positive effect of Ape on We signaling. 

To determine whether the Ape damains pro- 
rmoting We signaling are distinet from those 
promoting Amn degradation, we used three 
2 truncation alleles that encode only amin 
nal fragments, Apo”, ®. and Ape 


tn” 
26) (Fig. 4A and table SI). These alleles 
climinate some or all Prcatenin/Am binding 
sites and thus are severely compromised in pro- 
‘moting Ar degradation (/6, 17, 26). However, 
in contrast with null alleles that eliminate 
Ape? coding sequences (fig. S2A and table $1), 
the Ape? truncation alleles retain their positive 


Fig. 2. Apc1 Apc2 double-mutant pheno- 
types. (A) Western blot using Apc2 carboxy- 
terminal antiserum on embryonic lysates 
levels are reduced in to an We 

mutants, Wild-type and Apc2”? ane 
shown for reference. Kinesin heavy chain is 
control. (B) Ventral abdomen of wildtype 
female. Sterrites and overlying sternal bristles 


(St, arrow) and pleura (PO are indicated. (C and D) Loss of sterites and stemal bristles and expansion of 


pleura in homozygous por mutants and homozygous AT Apc2™? or ApcI® Apc” iApcI™. 


Ape 


‘mutants. This phenotype i present in 65 to 70% of homozygous Apc Apc2°? mutant females raised at 


25°C with variation in 


between individuals (E and F) 


\tansformation (arrow) in homo- 


zygous wg? mutants spiy fe pier raed mutants. Apc2"*? is a deletion allele (table $1). 
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Fig. 3. Axin and Arm levels in 
Apc mutants. Third instar wing 
discs, stained with antisera on top. 
Genotypes at left margin. (A to ©) 
Arif" omongous, mutant 
clones, indicated by [gal loss [- 
in (A), have decreased Axin sig- 
nal, revealing specificity of Axin 
antiserum [(B) and (Q). In some 
clones of cells with wild-type Axin 
levels, as indicated by increased 
f-gal signal [+/+ in (A], there is 
increased Axin signal [arrowhead 
in (B)), as compared with Axin 
heterozygous (+/-) tissue. (D to 1 
Apc Apc2™ |-/- in (D)) and 
Ape?" Apc2” [-/- in (G)} mutant 
clones display increased Axin sig 
nal, (J to L) Arm levels are high 
in Axin mutant clones [- in () 
(M to 0) Similarly, high Arm levels 
are observed in Apcl™ Apc” 
‘null mutant clones [-/— in (M)]. (P to R) In contrast, Apc1 Apc2” mutant cones [-/— in (P)} display intermediate Arm levels. The Apc2”? allele 
contains a deletion extending to the fifth Arm repeat (table $1), and its residual ability to down-regulate Arm likely results from production of a carboxy- 
terminal fragment, at levels below the threshold detectable with our antiserum. 


efect on Arminduced apoptosis andl ectopic fh AL = wen 28, 
expression in Apel mutant photoreceptors Human APC eH 


(Fig, 4B and fig, S9, A and B), We conclide — G55. 855. io va 


thal Ape2 amino-enninal egmonts retain the = 
ability 10 promote ectopic Wy signaling, whereas YFP-APC1247 Gl5-@C COOH 

ihe Pecan binding shes av dapsnasbl o 

for this activity. This conchision is further sup mee 

pore by the observation tnt an Apc? tmnsgene Drosophila Apc? EEE 1087 aminoacids 
(P/Ape2-20rp) (Fig. 44). wih a intemal 

{ation of all five 20-amino acid repeats that are Apc2a20rep SCO Re 


important for Ann bindin 
completely rescues compromised Wy transduction 
in wing dises resulting from reduced Ape activity 
in Apel Ape2"Apel™Ape2** mutants) 
fof the Ape2-A20rep 
jent_also prevents the increase in Axin 


and proteolysis (2), 


Funhermone, the pres 
fra 

(Fig. 4, C to E) observed in cells in which Ape | Aper™ pear” & 
activity is ether completely lost pel" Ape?” | Aper® 
mutant clones) (Fi 


c D E 

B-gal Axin merge 
Py Gy 
B-gal 


Fig. 4. The Apc2 amino-terminus affects Axin levels, Arm levels, and Wo signaling. (A) Human APC and 
Drosophila Apc2 schematic. Conserved region (gray), Arm repeats (white), [rcatenin binding sites [15 
‘amino acid repeats (ight blue) and 20 amino acid repeats (dark blue], Axin binding sites (SAMP repeats, 
hatched boxes), and nonsense mutations in Apc2”™", Apc2™, and Apc2? are indicated. Somatic APC 
mutations in colorectal tumors cluster between codons 1250 and 1450 (mutation cluster region, MCR). 
Human APC amino-terminal fragment encoding amino acids 2-1247 (YFP-APC1247) and PlApc2-A20rep] 
transgene are diagrammed. (B) Apoptosis is nt suppressed in the ApcI™ Apc2™%/apc1™ + retina, (C to 
E and G to 0) Third instar wing discs stained with antisera in lower left corner. Apc1® Apc2*? mutant 
that the vertebrate APC amino terminus also pro- clones are indicated [—/— in (C) and (G)]. One copy of the PlApc2-A20rep] transgene results in low Axin 
motes Wat signaling (27, 28), Indeed, we find [eyels [(0) and (E)] and high Arm levels [(H) and (0)] in Apc1 Apc2* clones. Identical results were found 
that expression of a human APC amino-terminal with two independent P/Apc2-120rep] tines. (F) Model for dual Apc functions in Wg transduction. in 
fragment (29) (Fig. 4) in a Wat-responsive cell addition to facilitating Axin-dependent Arm proteolysis, Apc also negatively regulates Axin (blue), thereby 
line (HEK2931) results in up-regulation of TCF promoting Wa signaling. Our results support a proposed regulatory relationship between Axin and Apc 
reporter activity (pTOPFlash) (30) that is not ob- (36) and also suggest that negative regulation of Axin by Apc maintains Arm levels within a range 
served with a control reporter containing mutated — ensuring proper response upon Wg stimulation. 


3, D to F) or raced 
(pel Ape2 mutant clones) (Fig. 3. G 10 D. Wg 
Finally, in cells with reduced Ape activity and | 
intermediate Arm Kevels (pe! tpe 2 mtant a 


PlApc2:4 20rep} Ape! Ape2"(-+) 


wa Axin 
clones) (Fig. 3, P to R) the presence of the Ape? nee 
‘2th gt ress inhi Arn Kv (Fi | 
4, G to D that are similar to those resting from Arm 


Joss of Axin (fig. $10). Thus, the B-catenin/Arm 
binding sites are dispensable for the ability of 
Ape to negatively regulate Axin levels to increase 
Arm levels, and to promote W 
These results support the model t 
hances Wg signaling by 1 
uation 

Previous experiments in Nenopus su 


insduction, 
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binding sites (pFOPFlash) (fig. S11). Therefore, 
human APC may abo have positive and negative 
regulatory roles in. Wnt transduction, with an 
amino terminus that promotes Wat signaling, 
Our results demonstrate that Apel and Ape? 
act redundantly to regulate Wingless transduc 
tion both positively and negatively (Fig. 4F). 
Ape likely promotes Wingless transduction by 
ely regulating Axin. For this function, 
mino terminus is essential, whereas the 
Arm binding sites are dispensable. We 
suggest that opposing activities of Ape keep Axin 
activity and Arm levels within a range ensuring 
that downstream signal transduction occurs in 
the presence of Wg but notin its absence. The 
. elegans APC-related protein APR-1, which 
lacks consensus fecatenin binding sites, also 
promotes Wat transduction (3/, 32), further sug~ 
gesting that an activating. role is evolutionarily 
‘conserved. Our data als reveal that retention of 
fan Ape amino-terminal fragment enhances c= 
topic We signaling resulting from reduction in 
Ape levels, This may explain why °C mutations 
climate the carboxy! terminus, yet retain the 
id in the majority. of 
colonic adk nas (33-35). By 
analogy 10 the positive effect of the Drosophila 
Ape amino terminus on ectopic We signaling, the 
conserved human APC amin terminus might sim 
larly enhance ectopic Wnt signaling, accounting 
for its selective retention in colorectal carcinoma 


fi 
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Initiating and Cancer-Propagating 
Cells in TEL-AML1-Associated 
Childhood Leukemia 


Dengli Hong,” Rajeev Gupta,” Philip An¢ 


t.? Ann Atzberger,” John Brown,” Shamit Soneji,* 


Joanne Green,” Sue Colman,” Wanda Piacibello,* Veronica Buckle,” Shinobu Tsuzuki,” 


‘Mel Greaves,® Tariq Enver™* 


Understanding cancer pathogenesis requires knowledge of not only the specific contributory genetic 
mutations but also the cellular framework in which they arise and function. Here we explore the clonal 
‘evolution of a form of childhood precursor-B cell acute lymphoblastic leukemia that is characterized by a 
chromosomal translocation generating a TEL-AMILI fusion gene. We identify a cell compartment in 
leukemic children that can propagate leukemia when transplanted in mice. By studying 3 monochorionic 
twin pair, one preteukemic and one with frank leukemia, we establish the lineal relationship between 
these “cancer-propagating” cells and the preleukemic cell in which the TEL-AMLI fusion frst arises or has 
functional impact. Analysis of TEL-AMLI-transduced cord blood cells suggests that TEL-AMLI functions as. 
a first-hit mutation by endowing this preleukemic cell with altered self-renewal and survival properties. 


popular (/-6), though not unchallenged 
Ao Typodhe hat Fly tamafrmed 

man cancer clones are arranged, like 
‘ir normal tissue counterparts, in a hierarchical 
lente a easel 
cells” (also referred to as cancer stem cells). Less 
is known about the crucial earliest first-hit events. 
in cancer and the “precancerous” cells in which 
they occur, We have explored these precancerous 
cell hierarchies in the context of childhood 
precursor-B cell (pre-B cell) acute lymphoblastic 
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leukemia (also known as common ALL, cALL) 
Which is frequently associated with a chromosomal 
translocation creating the TEL-AMLI (ETV6- 
RUNN1) fasion gone (8). This fusion arises pre- 
dominantly in utero, producing a persistent but 
clinically covert preleukemic clone (9-1/) that 
may convert to frank Jeukemia with acquisition 
‘of additional genetic changes (0, 12). 

‘Most of the leukemic cells in CALL coexpress 
CD19 and CD10 accompanied by clonal rear- 
rangement of the immunoglobulin heavy chain 


gene (fg) inlcative ofa pre-B cell identity (13). 
However, the identity of the eALL-propagating 
cell haas been contentious (/4-17), Interestin 
childhood ALL is associated with a rare populi- 
tion of CD34°CD38~"*CD19" cells that is not 
detectable in normal bone marrow (17, 18), We 
prospectively isolated these cells from 71 
AMLI-positive CALL patients (Fig. 1A, RI) 
and assessed their capacity to engraft nonobese 
diabetic, severe combined immunodeficient m 
(NODISCID mice), an assay of their leukemo- 
genic potential (/9), Engraftment was obtained 
fiom four patient samples (Fig. 1B and fix. S1) 
and secondary grafts were obtained trom all of 
these. The CD34°CD38""*CD19" population 
was reestablished within both the primary (Fig. 
IC) and secondary (Fig. 1D) recipients. Inter- 
phase fluorescence in situ hybridization (FISH) 


"Medical Research Council (HRO Molecular Haematology 
Unit, Weitherall Institute for Molecular Medicine, Joba 
Radel Hospital, Univesity of Oxford, Oxford OX3 905, 
UK. “Department of Haematology, Great Ormond Steet 
Hospital, and Department of Molecular Haematology and 
Gancer Biology, Insttute of Child Health, University 
allege London, WIN 3}M, UK. ?DWsion of Molecuat 
Medicine, Aichi Cancer Research Institute, Nagoya 464- 
18681, japan. ‘Dision of Research in Medical Oncology, 
lnstitite for Cancer Research and Treatment, Strada 
Provindale 142, 10060 Candiolo, Torino, tly. 

of Haemato-Oncology, Institute of Cancer Research, 
Sutton, Sumey SM2 SNG, UK. 

“To whom correspondence should be addressed. Ema: 
tenver@gwmalr2.0r. aC uk 


wawwsciencemag.org 


cosa ay 


10° 


B E 
10" 
2 
a | 
8 | 
= cos Co 
Fig. 1. Wentifiation of tumor 
D ‘propagating cells in CALL patients. 
10" (A) Representative fluorescence: 
| (C019) activated cel sorting (FACS) anal- 
|__|] is of teukemic bone marrow 
10" mononuclear cells showing the 
3 cp34*cD38-"""CD19" (R1) 
8 population. (B) Representative 
‘analysis of bone marrow from 
7 ‘a primary marine recipient show 
ing human CD45°CD19* en 
C034 


‘graftment. (C) Detaled analysis 
of engrafted calls from a pri 


‘mary recipient showing the CD34*CD38™*"CD19* population. (D) Similar analysis of engrafted cells from 


bone marrow of a secondary recipient showing reestablishment of the 


same population. (E) Interphase FISH 


showing TEL-AML1 expression in a human CD19" cell from a secondary recipient. TEL signal, green; AML1, 
red; TEL-AMLI fusion (green-red) indicated by arrowhead, Fusion identified in >97% human cels analyzed 


{rom recipients of two separate cALL samples. 


Fig. 2. Hematopoiesis in 
monochorionic 1(12;2) 
twins. (A) Immuno-FISH 
for TEL-AMLI translocation 
‘and CD19 protein in PB 
mononuclear cells from 
the leukemic twin, healthy 
twin, and a normal indi- 
vidual. CD19 indkated by 
bive staining, TEL by green, 
AML by ted, and. TEL- 
ANIL by green-ed (filed 
arrowhead). Remnant of 
the AML1 locus left by 
the translocation, small ed 
signal, thin arrow, intact 
ANIL altel, large red sig- 
nal; intact second TEC al- 
lele, green signal (open 
arrowhead), (B) Diagnos- 
tic bone marrow from the 
leukemic twin showing a 
D34°CD38"""CD19* population, gate R2. (C) CD19 expression 
in PB CD34°CD38™ cells from healthy twin (top) and a normal 
age-matched child. (D) Reverse transcription PCR for TEL-AMLT and. 
Bractin expression in normal cord blood (lanes 1 and 2) and in PB 
compartments from healthy twin (lanes 3 to 5). Lane 1, cord blood 
34° (100 cell equivalents). Lane 2, cord blood CD34° (10 cell 
equivalents). Lane 3, twin CD34*CD38“°"CD19* (8 cell equivalents). 
Lane 4, twin CD34"CD38°CD19" (pro~B cells, 25 cell equivalents). 
Lane 5, CD34%CD38"™"CD17" (multipotential stem/progenitors, 
10 cell equivalents). (E) Genomic PCR for IgH gene rearrangements. 
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Dasz-Iy heavy-chain joining region) (lft) and VD) (right) analyses for control 
Kasumi cells (C) and CD34°CD38“"CD19" populations from healthy (H) and 
leukemic (U twin, Arrows indicate 160 bp (germline) and 80 bp (rearranged). (F) 
Representative sequence analyses of individual cloned Dosey PCR products from 
healthy and leukemic bins. Long artows indicate oligonucleotide primers, short 
arrow indicates a G-A transversion suggestive of somatic hypermutation, 


www.sciencemag.or 


EP 


oars fl 


analysis confirmed the presence of the TEL-AMLI 
fsion yee in these gras (Fig 16. Thee 
saagzest thatthe CD34°CD38"™*CD19" cells 
finction as sefsenewing eancerprepaating call 
How do these calls relate to those in which 
the TEL-AMLI fusion first arses and initiates 
deuke Analysis of monochorionic 
‘nvins provides a unique opportunity to investi 
gate the initiating 
prckeukemic clone, established in utero in one 
‘vin may spread tothe other twin via thet shared 
placenta (9), Because addition 
required for progression to leuko 
‘when one twin presents with Ke 
may still carry the ancestral prel 


events in this disease because a 


but may remain clinically normal, We investi 
gated a pair of monochorionic female twins, One 
twin was diagnosed at age 2 with TEL-AMLI 
positive pre-B cell ALL, andl her leukemic blasts 


showed adkltional loss of the uninvolved TEL 
allele (Fig. 2A). Her bone marrow contained 
the CD34°CD38""*CD19" cancer-propagating 
population (Fig. 2B), The other twin was healthy 
For ethical reasons, our analyses were strictly 
ited 10 peripheral blood (PB) [supporting 

ied TEL 


G H 

! in ‘CD34*CD36-™"CD19" 
rox_Leukeric' twin, _“Healthy tw a 
2 Rt 
FS 
+ ll 
if om o oO To 
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A minority of (3 out of 11) clones from the CD34*CD38“"CD19" cells of 
the leukemic twin were different from each other and those of her sibling, 
which may suggest ongoing D) recombination. (G) CD10 expression in 
cD34*CD38~""CD19" cells from leukemic (bone marrow) and healthy 
(PB) twins. (H) CD10 expression in bone marrow CD34*CD38~*"CD19" 
cells from an unrelated CALL patient (representative of five individuals). 
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contained a nomnal TEL allele (Fig. 2A), con- 
sistent with prefeukemia status (7). 

We detected a rare population of CD34 
CD3K™"*CD19" cells at a frequency of 0.002% 
‘of total mononuclear cells in the healthy twin, but 
not in the PB of hematologically nommal age- 
3), This cell popu 
lation has been stable over 18 months of serial 
‘observation (fig, S2). TEL-AMLI transcripts were 
‘observed in as few as 10 cell equivalents of this 
sorted fraction (Fig. 2D, lane 3). In contrast, we 
did not detect TEL-AML/ transcripts in similar 
numbers of progenitor B cells (pro-B cells) 
from the healthy twin (Fig. 2D, lane 4) consist- 
‘ent withthe low proportion of B cells affected in 
the blood of this hemstologically normal chill, 
‘oF in more primitive multipotent stem cell frac- 
tions not expressing the B-lineage marker CD19 
(Fig, 2D, lane 3). 

‘To investigate the relation between the 
€DM'CD38“™"CD19" populations in the healthy 
and loukemic twins, we examined gh? gene 
aamangements involving the variable (V), diver- 
sity (D), and joining (J) loci. Polymerase chain 
reaction analysis (PCR) revealed! DJ but not VDI 
recombination events in the healthy twin sample 
(Fig, 2E), Sequencing of the cloned DJ re- 
combination PCR. products from the healthy 
twin's CD34"CD38""*CD19" cells revealed the 
presence of only one species, which suggested that 
these cells represented a clolly expanded pope 
lation and that the fusion yene arose or had first 
functional impact in a cell that had already’ under- 
‘gone DJ recombination, CD34°CD38"*CD19™ 


VDI. recombination products (Fig. 2E). Sequenc- 
ing of cloned DJ segments revealed some heter- 
‘ogencity in recombination products, but crucially, 
the majority of clones were, with the exception of 
a single base change, highly related to the DJ 
segment seen in the CD34°CD38™*CD19" 
Population from the healthy twin (Fig. 2F). 
This suggests that the CD34°CD38~""*CD19" 
ccancer-propagating population in the leukemic 
twin isa clonal and more differentiated descend- 
ant of the CD34°CD38"*™*CD19" population in 
the healthy twin, Consistent with this, the ma- 
jority of CD34°CD38"™"CDI9" cells in the 
Teukemic twin express common ALL antigen, 
CDIO (20k: those in the bealthy twin do not 
(Fig. 2G). It is noteworthy that a minor 
‘component of the CD34°CD38""CD19" pop 
tation in leukemic simples was also found to 
be CDIO- (Fig. 2H. RI). The presence of the 
TEL-AMLI fusion gene in these cells was con- 
firmed by FISH (tig. $3) 

‘We next established a model of TEL~AMLI 
driven preleukemia by transplanting TEL-AMLL 
transduced cord blood cells into NOD! 
SCID mice (fig. $4). Atthe level of expansion of 
B cell progenitors and B-lincage differentiation im- 
pedance or ames, this Nenograft mode! exhibits a 
Tent features ofthe precukemic phase of pre-B cell 
ALL fig. $5) (9, 10). CD34°CD38""*CD19" 
cells were observed in the TELANL I-expressing, 
but not contol, marrow factions (Fig. 3 and 
figs. SS and S6)orin normal cord blood (fig. $7). 
Xenograft-modeled CD34°CD38""™"CD19" 
cells displayed DJ rearangements (Fig. 3B) 


|. did not express CDIO (lig, S8). 
our data support the notion that 
TEL-AMLI can, as a single mutation, generate 
aboormal cells that resemble the TEL-AMLI 
‘expressing CD34°CD38"""*CD19" cells ob- 
served in the healthy twin, 

The Xenogra-modeled, TEL-AMLI-generated 
CD3'CD3S*CDIN" cells displayed B cell 
ferentiation and selE-xenewal potential in vitro (Fig. 
3.C,D, and E, and fig, $9), To investigate whether 
the TEL-AMLI-generated CD44 CD38™*CD19" 
opulaton can initiate and maintain "prekcukemic™ 
state in vivo, we prospectively isolated these cells 
fiom engrafied primary mice and injected them 
into the tibiae of secondary NODSCID recipi- 
cents. To our surprise, these eclls engrafted and 
save rise to more mature B eells (CD38°CD19"), 
as well as constituting a CD34°CD38 "CD19" 
population (Fig. 3F). In contrast, TEL~AML1 
expressing CD4°CD38" CD19" (pro B)cels dd 
‘ot engrat, These experiments indicate that the 
TEL-AMLI generated. CD34°CD38°"™"CD19" 
population has significant self-renewal potential 
Analysis of cell survival characteristics of TE 
AMLI- generated CD34°CD38"“"*CD19" cells 
indicates that TEL-AMII markedly enhances 
sistance fo some, but not all, apoptotic stimuli 
(Fig. 3, Gand 11), Finally, preliminary microarray 
analysis indicates that CD34°CD38""CD19" 
cells contain a mixture of both pro-B ell and 
hhuman stem cell-associated gene expression 
ofiles (Hig. $10), 

What then are the salient features of the 
CD34 CD3K-"™"CD19" cell observed in the 


cls fiom the eukemic twin harbor DJ, as well as and, like their countemarts in the healihy twin healthy win and the role of TEL-AMLI in its 
Fig. 3. First functions B c 104 

of TEL-AMLI in transduced 533 28 tne 2 

‘cord blood stem cells. (A) scala 8 a 
Representative immuno- rearranged = 
phenotype of bone marrow 

‘graft from a primary recipient 

transplanted with TELL 

transduced cells showing a 

co34*co3e~"""cD19* 

population in the green fluorescent protein (GFP)* com- 

partment only. (B) PCR analysis of D) rearrangements in a 

purified CD34°CD38-*™"CD19" cells Reactions for the Dine 45) ERs F 1" 
Dua, Dyes Due Dic, Dury and Dogs families (lanes 1t0 7) 3 oy 5 

are shown. A germtine product is indicated for Dgse (lane 7), a 

Rearrangements are seen for the Dy Dua and Ds fame 3 Z £ = 

ilies (anes 1,4, and 6, red arrows). (€) Photomicrograph 2 ’ . 

(left) and immunophenotype of typical B cell colony 3 3 it gw eas el 


after MS-5 stromal cell coculture of xenograft modeled 


Tes 
CD34*cD38 “™*CD19* cells. (D) CD34°CD38“™"CD19" 


«alls (1) but not TEL-AMLI-expressing 2) or contro (3) pro-B cell from primary H®, 
recipients generated colonies on MS-5 stroma (n = 3, mean + SD) and (E) these C019" GFP: = 
generated secondary colonies on replating—an index of self-renewal capacity. (F) 1" Fast] Fast] 
Analysis of secondary recipients of purified modeled CD34°CD35 "CD19" (GFP") 

cells (epresenatve of thee experiments) shoning reconstiution ofthe orginal = sal 
population (whichis also CD10") and a more mature population (CD19*CD38"). 

(G) Enrichment of €D34°CD38-""CD19" compartment from the bone marrow of a 


ne g 
TEL-AML1 primary recipient after culture with or without soluble Fas ligand (Fast) [R= oa & § 
(cells were gated on CD19 and GFP before analysis for CD34 and CD38). (H) eae ee 7 

‘Means (£0) change in size of CD34°CD38"™"CD19* compartments in the bone marrow of TEL-AMLI primary recipients after culture with (shaded) or without (open) 
‘camptothecin (2), Fas (2), melphalan @), paclitaxel (4), tumor necrosis factor (5), methylprednisolone (6), and etoposide (7 (in each case, n= 5, P< 0.05 by tes). 
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_zeneration? Its clonal expansion, coupled with 
its persistence since birth, is highly suzgestive 
of selfrenewal. Its clonal relation to more 
differentiated cell types both in the healthy and 
in the leukemic twins implies differentiation 
potential. The balance of evidence thus favors 
the notion that this cell may itself function as a 
preleukemic stem cell. This proposal is. sup- 


cient to generate this population of preleukemic 
stom cells. 

Our results suggest that a hierarchical struc- 
ture, which has been demonstrated in frank 
leukemia (2, 4), is also a feature of “early” or 
preleukemic populations. Understanding the 
nature ofthe preleukemic hierarchy is finndamen- 
tal to understanding the function of the first-hit 
mutation ankd how it predisposes to keukemic 
transformation, Our studies therefore have impli- 
cations for disease etiology, and the xenograft 
model presented may: provide & tool for exam 
ining the biological role of genetic alterations that 
‘cooperate with the TEL-AMLI fasion gene, Our 


studies may also be relevant to cancer therapy 
Where specific targeting of tumor propagating 
cells may be desirable. The observation that 
children in lengthy remission can relapse late 
with a novel keukemic clone (2/), but which 
nonetheless appears to derive fren the identical 
prekeukemic clone that initiated the disease at 
‘presentation, suggests that the preleukemic stem 
cll compartment may persist even when the cells 
Propagating the overt leukemia have been 
effectively eradicated 
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Effects of Molecular Memory 
and Bursting on Fluctuations 


in Gene Expression 


Juan M, Pedraza* and Johan Paulsson*?* 


‘Many cellular components are present in such low numbers per cell that random births and 
deaths of individual molecules can cause substantial “noise” in concentrations. But biochemical 
‘events do not necessarily occur in single steps of individual molecules. Some processes are greatly 
randomized when synthesis or degradation occurs in large bursts of many molecules during a 
short time interval. Conversely, each birth or death of a macromolecule could involve several 
‘small steps, creating a memory between individual events. We present a generalized theory 


for stochastic gene expression, formulating the varianc 


protein abundance in terms of 


the randomness of the individual gene expression events. We show that common types of 
molecular mechanisms can produce gestation and senescence periods that reduce noise without 
requiring higher abundances, shorter lifetimes, or any concentration-dependent control loops. 
‘We also show that most single-cell experimental methods cannot distinguish between qualitatively 
different stochastic principles, although this in turn makes such methods better suited for 
identifying which components introduce fluctuations. Characterizing the random events 

that give rise to noise in concentrations instead requires dynamic measurements with 


single-molecule resolution. 
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conly contributes: marginally 10 the total, just as 
rolling more dice reduces relative fluctuations in 
the sum of the outcomes. Physics-inspired theory 
has instead emphasized that all the underlying 
processes could propagate rather than average out 
fuctuations. as when one dic roll is used 10 de- 
termine how many dice to roll next. Both sce- 
narios are plausible: The mapping from details 
‘on finer seales into effective events on coarser 
scales —coarse graining—depends on molecular 
mechanisms that support a wide range of fea- 
tunes, including precise “gestation” periods. be- 
tween birth events, gradual aging of individual 
molecules, or sudden random bursts of synthesis. 
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This raises two central questions: How do singe 
cell fluctuations in abundances depend on the 
coane graining of the biochemical hardware, and 
bow can the eflective coarse raining be informe 
fiom measurements of huctuations in single ells? 

Most experimental noise studies have mea- 
sured how the variation in single-cell protein 
Jevels depends on transcription and translation 
rates and typically compare the results with stor 
hastic models based on specific assumptions 
bout the underlying molecular mechanisms. 
Gene activation and transcription require numer- 
‘ous chemical events fom repressors falling off 
DNA to RNA polymerase elongating nascent 
transcripts. For synthetically engineered gene 
circuits in Escherichia coli, these processes can 
produce exponential waiting times between tran 
scription events (9-17) despite the many mi 
ceroscopic substeps involved. Similar Poisson 
Statistics have been observed in a wide range of 
Physical systems, starting with Bortkewitsch’s 
ie study on the number of Prussian cavalry 
officers kicked to death by horses (/2). Howev- 
&&, most genes have a more complex contro 
involving several repressors, transcription fe 
tors, and mediators, as well as chromatin re 
modeling or changes in supercoiling, Such 
systems generate nonexponential time intervals 
between transcription windows, unless a single 
elementary reaction step is rate limiting. In par- 
ticular, promoters that gradually mature through 
a series of inactive states (with several hidden 
Poisson steps) before activating can create nar- 
rowly distributed gestation periods between 
transcription windows (Fig, 1). The statistical 
luncertainty in the waiting times ean also be re 
duced by programmed cell cycle activation, 
roplicationactivated transcription, or circadian 
locks (/3). On the other hand, flu 
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be increased when many copies of a transcript 
are made in short-lived transcription windows 
(Fig. 1), creating random bursts of synthesis. A 
great variety of scenarios is possible, but the 
stochastic propertics of individual gene expres- 
jon events have only been measured in a few 
simple systems (/0, 12), and the molecular mech- 
anisms are not suflicintly characterized to predict 
specific burst or watting-time statistics. Because 
{gestation and bursting can decrease and increase 
fluctuations in gene expression, respectively, their 
‘combined effect is alo hard to intuit. However, it 
is possible to collectively understand such com- 
plex. mechanisms by mathematically analyzing 
lies of processes. Here, we consider a cell 
\with m molecules of an mRNA and p molecules 
of the protein and make two generalizations with 
respeet fo previous analyses: We allow transcripts 
to effectively be made both in arbitrary indepen 
dent bursts of f molecules (mm —+ mb) and at 
abitrary independent time intervals T (Fig. 1. 
‘where Tan vary randomly, To understand how 
different types of transcription statistics affect 
singk-cell protein uctuations, we evaluate these 
assumptions in the context of a standard model 
(U4, 15), where tanslation (79 — p+ 1) occurs 
with a constant probability per second per tran- 
script and where both molecules decay 1 —> mr 
Pp |) exponentially with average lifetimes 
Tw Andy. Similar models have been suggested 
for yene activation (6, 16, 17) and many other 
processes, but as with the earlier gene expres 
sion model, these have not considered gener 
alized burst or waiting-time distributions. Basie 
tools fiom probability theory (18) ean then be 
tused to show that the stationary variance in pro 
tein abundance-the most commonly reported 
noise: measure in the experimental lteratune—is 
insensitive 1 the shapes of the distributions fr 
and 7 (Fig. 2) and approximately follows 
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Where (..) and ¢ denote averages and SDs, m= 
spectively. The equation is exact for exponential 
time intervals and is an excellent approximation 
for many types of strongly nonexponential times 
but breaks down when large and nanowly distib- 
ted bursts occur at precise time intervals [(/9) 
and (Fig. 2)). At low average protein abundances, 
(p>. relative protein levels spontancously fluctuate 
‘because each random birth and death of a protein 
then has a larger relative effect on the total, The 
simplicity ofthis low-copy noise tenn reflec the 


assumption of individual protein molecules being 
Produced and degraded at exponential time inter- 
vals, Because mRNAs determine the rate of pro- 
tein synthesis, proteins also inherit noise from 
mRNAs. The mRNA noise, in tun, depends on 
the average mRNA abundance (m) and the burst 
and waiting-time statistics. Because the protein 
Jevel cannot immediately adjust to changes in the 
[protein synthesis rate, proteins effectively take a 
time average of a series of mRNA fluctuations 
and 0-< ta / (tw +f) <1. 

[Equation | is related to a previous analysis in 
Which we similarly considered a mode! for sto- 


‘ween events. Here, we took the opposite appreach 
and generalized the randomness of the individual 
«vents, while assuming simple average dynamics. 

The different parts of Eq. 1 represent quale 
itatively different aspects of random processes 
The overall topology of the reaction network 
determines which components produce fluctua- 
tions, which are captured by (p) or (a), The 
‘connections between the chemical species in the 
network, in tum, determine the average ampilifica- 
tion or suppression of fluctuations effects that can 
be understood from deterministic analyses in which 
‘one component adjusts to another (77), which is 
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hast gene expression and used it to reinterpret 
experiments (/9), That model used fluctuation- 
dissipation relations to generalize the concentration- 
dependent tendencies to tum io an average, whike 
assuming simple exponential waiting times be- 


captured by the timesiveraging factor, Finally, 
the dynamics of how Mucuations are generated 

the most central aspect of stochasticity—ane 
captured by the bursts and waiting times in the 
coarse-graining factor, Most studies overlook 


—, 
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Time 


Fig. 1. (A) Generalized birth process where molecules are made in random bursts of b molecules at 
random time intervals 7, where each b and Tis independent, as for the mRNAS in Eq. 1. (B) Simplified 
sketch of polymerase It (Pol Il~mediated transcription in S. cerevisiae. Transcription factor TFID binds 
DNA and is stabilized by TFHA, which is followed by TRIB. This complex then recruits Pol Il, a Mediator, 
and TFIF, after which TFIE and TFIIH bind. Upon transcription initiation, Pot Wl, TFB, and TFIIF are 
released, but the rest ofthe complex remains, faciitting rapid reinitiation. Depending on parameters, 
this process can repeat and produce an effective burst of b transcripts, until the entre complex fals off 
the DNA and has to be reassembled, requiring a time 7. The cartoon illustrates a roughly irreversible 
progression, which requires energy consumption, but the mathematical analysis allows for any 
distribution of waiting times T between transcription events. 


Fig. 2. Random intervals T be- 

tween transcription events and 0.30 
their effect on protein fluctuations. 
Noise versus average in protein 
abundance for varying rates of 
transcription is shown. Curves are 
from fq. 1 and symbols are from 
‘exact simulations that sample T 
from f(T) in the inset. For a given 
‘oyh), the choice of f(T) has no 
effect on cp/(p) despite the exotic 
distributions used. The parameters 
(p)im) = 300 and pity =6 
(29) are representative for many 
genes, and near-perfect matches 
are also observed over many or- 
<dets of magnitude in all parameters. 
(nset) den 
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Hypothetical probability den- 
sities f(T), with gamma distributions (exponential for cr/(T) = 1) in the top row and examples of 
bimodal distributions (truncated sum of two Gaussians) in the bottom row, and with the same averages 
‘and variances in each column. 
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nontrivial coarse graining for simplicity (20), 
though some consider geometrically distributed 
bursts of mRNA or protein synthesis (/4, 15) at 
‘exponential time intervals, as observed in certain 
simple systems (9-17). In this ease, the coarse- 
‘graining foetor (for the mRNA or protein) can 
bbe expressed as 1 + (b), which does not explain 
the effect of variation in the bursts and waiting 
times. By contrast, Eq. 1 shows how cells could 
exploit narrowly distributed gestation periods to 
greatly reduce variation in protein abundance 
from cell to cell, with the largest relative effect 
\when synthesis, on average, occurs in lange bursts. 
However, because the effect is determined by the 


Waiting times, it abo shows that narrowly: dis- 
tributed gestation periods only marginally reduce 
noise when burst sizes are widely distributed. 
Many macromolecules approach their deaths 
‘gradually, passing through a series of states be- 
fore finally degrading. For example, cukaryotic 
transcripts have their polyadenylate [poly(A)] 
tails sequentially chewed up (27) before degrad- 
ing the protein-coding past of the message (Fig. 3). 
Measurements in Sacchammices cerevisiae (by 
researchers using. for example, PGKY or GALIO) 
indcod demonstrate (22) strongly nonexponcntial 
mRNA decay curves, with long refactory periods 
where the poly(A) tail is shortened before the 
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death is in some sense similar 10 gestation be- 
fore birth, reducing the uncertainty inthe lifetimes 
of individual molecules. Here, we consider how 
senescence affects Muetuations in abundances 
‘across cells in the population. To keep the mathe- 
matical analysis as simple as possible, we assume 
that transcripts are made one by one at exponen 
tial time intervals and use the sume assumptions 
regarding translation and proteolysis as previous- 
ly indicated. The stationary mRNA distribution is 
then Poissonian, with o3, = (im), regardless of 
the distribution of mRNA lifetimes as long. as 
the deaths of individual transcripts are indepe 
dent of cach other, However, even though the 


sum of the normalized variances in bursts and 


Fig. 3. Molecular senescence and its effects on noise in mRNA and protein 
abundance. (A) Cartoon of mRNA senescence when the polyA) tail progres- 
sively shortened before degradation. (B) Cartoon of protein senescence when the 
protein & ubiquitinated several times before degrading. (C) Noise in the abun- 
dance of proteins (main graph) and mRNA (nse asa function of the number of 
Poisson steps Vin the degradation pathway, as compared forthe same average 
ifetmes. The graphs come from exact analytical calculations (19). For the mRNA 


Fig. 4. Simulated time 


mRNA is degraded. Such “senescence” before 


mRNA distribution is unaffected, mRNA fluc 


‘senescence curve, proteins are assumed to decay exponentially, and forthe pro- 
tein senescence curve, mRNAs are assumed to decay exponentially. Parameters 
are the same as in Fig. 2 for the exponential /(7), The mRNA senescence 
(black circles) has no effect on the mRNA variance but reduces protein noise 
because time averaging of the mRNA fluctuations becomes more efficient. 
Conversely, protein noise increases with more pronounced protein senescence 
(ed triangles) because time averaging of mRNA fluctuations is impaired. 
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courses for averages 
(Smooth curves) and sam 
ple paths (jagged curves) 
illustrating the difeence 
between feedback and 
diferent coarse-graining 
mechanisms. At time t = 
10, the rate of tran- 
scription is increased by 
a factor of 2 (A) and 15 
(®), respectively. (A) Com- 
parison of an idealized 
negative feedback loop . 
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(blue curve), nonexpo- 

ential gestation between 5 
transcription events (red 

‘curve, and a reference 

‘gene without feedback or gestation (green curve). For the idealized negative 
feedback, the transcription intensity folos kn2/(1 + (p/600)), where ky is the 
transcription rate of the reference gene. For gestation, the time intervals 
between creation events follow a gamma distribution of order N = 8 and 
‘average Lik. Both negative feedback and gestation produce less noise than 
the reference gene (inset), but the average response is greatly reduced for 
negative feedback. (B) Comparison of an idealized positive feedback loop 
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Time 


(blue curve), with the combination of positive feedback and mRNA 
senescence (five exponential time steps; red curve), and the same reference 
‘gene as in (A) (green curve). For the idealized positive feedback, the 
transcription intensity follows km(0.01 + 0.99 p/(600 + p)). In both cases, 
the output level is roughly doubled, but when positive feedback is combined 
with mRNA senescence, the noise increase is smaller relative to that of the 
reference gene (inset). 
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‘uations sill contribute fess to the width of the 

protcin distribution than they would without sens 

cence. If transcripts are degraded afier N Poisson. 

steps, producing gammaistributed littimes, the 

stationary protein variance exactly follows 
Gt i 

oF 
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The time-averaging factor now depends on the 
course graining and decreases with increasing 
number of decay steps NV ((/9) and (Fig. 3)) 
The intuitive explanation for these somewhat un 
expected effets lies in the distinction between 
the dynamics of the noise and the overall dis 
tribution; For any given average mRNA lifetime, 
senescence accelerates changes in the mRNA 
levels in individual cells without affecting the 
probability of occurence in the population. If 
each molecule fived for exactly ty time units, 
MRNA levels at time ¢ would be completely 
uncorrelated with the Kevels before time 1 typ 
This in tum makes it easier for the protein to 
ye-average out” MRNA fluctuations, because 
the efficieney of time averaging depends on the 
rate of change in the protein relative to the rate of 
change in the mRNA [see (19) for autocor- 
relation analyses}. Simple and welltocumented 
mokecular mechanisms of degradation (22) thus 
allow cells to exploit the intemal transitions of 
independent molecules to reduce Muctuations in 
total concentrations, Protein senescence [for ex- 
ample, when mukiple ubiquitination events are 
required before degradation (Fig. 3)) would in- 
stead speed up the protein response at any’ given 


Fig. 5. Noise versus average in 
protein abundance from Eq. 1 for 
varying rates of transcription (solid 
lines) and translation (doted lines) 
Red and blue lines correspond to 
‘exponential (or/(T) = 2) oF non- 
‘exponential (o7/(T) = 0.6) waiting 
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tial (a1/(T) = 0.6) waiting times 
with the use of mRNA bursting with 
(b)=1 and op/(b) = 0.8. The 
noise responds more sharply to 
‘changes in the transcription rate than 
‘to changes in the translation rate 
reflecting the fact that, for the pa- 
rameters used (29), most of the pro- 
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average lifetime and thus prevent time averag- 
ing. Reducing the variability in the lifetimes 
then causes increased variability in protein con- 
centrations (Fig. 3). 

‘The bunting, gestation, and senescence moch- 
anisms above modify the spontancous noise in 
system without affecting the average suscepti- 
bility t0 changes in parameters: A change in the 
rates of synthesis or degradation, which in tum 
may depend on upstream signaling, still has 3 
[Proportional effect on average aburtances (Fig. 4) 
in all cases. Positive or negative feedback con- 
trol, by contrast, amplifies (23) or dampens (24) 
noise, respectively, while at the same time am 
plifying or dampening extemal signals (Fig. 4). 
Furthermore. negative feadhack control only sub- 
stantially suppresses noise when operating at high 
gain, but high-gain mechanisms are instead more 
susceptible to time lags oF noisy intermediates, 
Which destabilize feedback control and increase 
noise levels. Gestation and senescence, by eon 
trast, operate without closing a potentially un- 
stable loop and may therefore reduce spontanconas 
noise more efficiently, The noise reduction can 
indced be extremely elfcient when gestation and 
senescence are combined, because they prevent 
fluctuations from arising rather than comecting 
existing fluctuations. 

The convenience of fluorescent reporters is 
creating a shift of focus in quantitative cell bi- 
ology from bulk averages 10 individual cells, 
‘producing a wealth of data on nongenetic het- 
ferogentcity from microbes (25, 26) to humans 
(27). The extent of heterogeneity is interesting 
in itself, but single-cell data can also be used 10 
cextiaet more information about the underlying 
processes: Individual responses to individual sig- 
naling events say much more than average re- 
sponses 10 avenige signals. In particular, many 
‘quantitative studies have used the properties of 
the noise to infer microscopic kinetic mecha- 
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tein noise comes from random births and deaths of the mRNAs. However, if proteins are measured in 
arbitrary fluorescence units, the horizontal axis can be scaled and the transcriptional curves are 
indistinguishable. Similarly, if mRNA numbers are not measured directly, it is impossible to distinguish 
the effect of low mRNA numbers from that of high coarse-graining factors, because either effect shifts 


the curves vertically. 


Finally, the coarse-graining factor itself depends on factors not usually measured. 


ach line can then correspond to many combinations of timing and bursting. 
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nisms, testing stochastic models by analyzing 
how the variance in protein abundance responds 
to changes in the ates of transcription and trans- 
lation (3-5, 7, 25), Analyses in Bacillus subtilis 
3). E. cali (4, 28), and 8. cerevisiae (5, 6, 25) 
Studied a range of genes and measured the dis- 
tributions of protein abundance for different px- 
rameter values by changing the expression rates 
genetically, by changing growth conditions, or 
by aiding inducers or inhibitors: in some cases 
‘with the use of dual fluorescent reporters to first 
separate the “intrinsic” randomness of the chem 
ical events in gene expression from the “extrin- 
intracellular variation in the expression rates 
(4, 6, 28). Some studies also measured noise 
comelations between different protcins in genetic 
activation cascades (7) or between diferent time 
points in the same cell (13, 28, 29). The con- 
‘clusions varied in the specific details but have 
formed a broad consensus that the intrinsic noise 
in protein abundance reflects low numbers of 
transcripts per cell, possibly with burstlike 
‘transcription resulting fom brief random periods 
‘of gene activation 

The qualitative agreement between different 
studies and the excellent quantitative fits to the 
accompanying stochastic models scem 1 sup 
pport the underlying models, which typically as- 
‘sume memory-Fss single-step transitions between 
bins and deaths of genes, mRNAs, and pro- 
teins. However, Eqs. 1 and 2 show that very dif 
ferent stochastic processes can proxluce exactly 
the same response in such experiments. Chany- 
ing the translation efficiency or the frequency 
‘of transcription bursts only affects (p) and 
(m), and the response to changes then follows 
PP = 1/Kp) + C/K) inal cases, where C 
is a proportionality constant. Such experiments 
indicate which components in a network preuce 
Auctuations but unexpectedly sty nothing about 
how those fluctuations arise (3). For exampl 
if protein noise was reduced by increasing 
transcription rate but not by increasing the 
translation rate, as shown for some genes in 
B. subvils (3), all versions of the mRNA-prok 
models in Eqs. 1 and 2 suggest that the noise 
comes ffom mRNA fluctuations (3, 19) How 
ever, exactly the same fit is obtained (i) whether 
transcription is burstike or perfectly regular or 
(Gi) whether individual transcripts decay expo 
nentially oF gradually senesce (Fig, 4), Even in 
the idcal case where simple models without 
tunable parameters provide predictions that are 
later tested experimentally (3, 15), perfect fits 
‘qually consistent with mechanisms that are very 
random, very regular, or anything in betwee 
Occam's razor can still eliminate obscuring 
details, but when several simple yet very different 
explanations work equally weil, choosing one 
specific model can also brush interesting phenome- 
1a under Occam's “uz” 

‘What additional tests could be used 10 dls- 
criminate between different types of underlying 
stochastic processes? One approach isto directly 
‘measure the relevant kinetic parameters, If fc 
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tuations arise as a result of low abundances, the 
average levels should be measured in absolute 
numbers, not in arbitrary units of fluorescence 
{sis typically the case) This is particularly impor- 
lant for mRNAs: The low-copy components that 
introduce fluctuations must be counted (instead 
‘of the high-copy components that merely re- 
spond to underlying randomness), Measuring p) 
‘and (im) would provide an estimate of C but 
‘Would still not separate coarse graining fiom time 
averaging or other deterministic feaures (Es 
1 and 2), Time averaging could be estimated by 
measuring the average lifetimes of the compo- 
nents, but the type of time averaging should also 
‘be confined by manipulation experiments where 
the degradation rates of mRNAs and proteins are 
varied, If all these parameters are determined 
\ith high accuracy, the coarse-graining factor in 
Eq. 1 could be estimated. However, even in this 
ideal case, the relative contributions of gestation 
‘and bursting woukl still be unknown (Eqs. 1 and 
and Fig. 3). The effects of precise gestation and 
random bursting could even cancel out and make 
it appear in these experiments as if molecules 
were born at exponential time intervals without 
bursts. More information can also be gained by 
‘considering the full distributions rater than just 
Variances, but the exact shapes of distributions 
are more sensitive to experimental artificts and 
have similar problems with experimental diserim- 
ination, Conclusive experimental analyses of 
course graining instead require accurate time 
series where the burst and dell time statistics 
‘can be directly observed. A few pioneering studies 
have quantitatively monitored transcription (17) 
and translation (9, 10) in E, coll with singh 
molecule resolution. For simple or synthetically 
‘engineered genes, they demonstrated exponential 
time intervals between geometric bursts of tran- 
setipts and proteins, respectively, These methods 
are now being used to study regulated genes and 
_zene expression in eukaryotes, where gestation, 
senescence, and complicated bursting. pattems 
are expected (3/). 

‘The fact that standard methods cannot dis- 
<riminate between different types of coarse grain- 
ing (Fig. 5) may explain why most experimental 
results have so closely matched the first models 
that were used, However, it also means that cer= 
tain aspects of the conclusions are more robust 10 
{avs in some of the most central model assump~ 
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tions: By not distinguishing between how fluc- 
tuations arise (ie., fiting amy type of coarse 
graining), the methods are more suitable for 
identifying which componcets proxiuce the fluc- 
uations, which is both nontrivial and important. 

Our findings mathematically connect noise 
in the single-cell protein abundance to bursting, 
gestation, and senescence in_gene expression, 
describing how 10 molecules in some sense can 
statistically behave as if they were $ or 20 mol 
‘ecules without control loops. We also show that 
standard single-cell measurements cannot detect 
‘or exclude these features: They only sugest which 
components contribute fluctuations, not how 
they contribute. Similar phenomena have been 
observed for bunching and antibunching in 
photon emissions (32), as well as for many 
molecular-scale cellular processes. Microtubules 
swwiteh between growth and decay phases (33) 
Where 4 burst of subunits is added or removed, 
and opening an ion channel can let a burst of 
molecules through, Nonexponential gestation 
periods have, in tum, been demonstrated in the 
rotational switching of E.coli lagellar motors 
(34) and in the replication control of bacterial 
plasmids (/+), whereas the senescence of active 
rhodopsin molecules was recently shown to ex- 
plain the reproducibility of the retinal signaling 
response to single photons (35). Advances in 
single-molecule live-cell imaging could now 
‘enable similar breakthroughs for mRNAs an 
proteins and finally reveal the effective coarse 
_graining of gene expression. 
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NANO TO NEXT GEN: 
AUTOMATION GETS PERSONAL 


Lab automation — it isn’t just for Big Pharma anymore. Providers have developed a 
range of personal instruments to bring the benefits of automation to the masses, 
At the same time, new equipment and protocols are enabling the standardization 
and optimization of such traditionally overlooked areas as cell culture. This article 
surveys major manufacturers to find out what's new in life science robotics and 
automation, By Jeffrey M. Perkel 


ne emerging industry trend, according to Douglas Gurevitch, senior 
development engineer at the University of California, San Diego, 
‘and executive editor of the /oural of the Association for Laboratory 
Automation, is the move toward reliable nanoliter dispensing. 

“Ultrasmall-volume liquid transfer has had a resurgence,” Gurevitch says. 
Microfluidic lab-on-a-chip systems work at the nanoscale, but their interfaces — 
not to mention traditional high throughput screening robotics~ have tended to 
‘operate at the microliter level, meaning researchers still must make more material 
than they need, and generate more waste. 

“Now there’s new technology out there that allows you to work at a smaller 
scale,” he says. 

One such system is TTP LabTech's mosquito. Commercial director Jas 
Sanghera says the company had two primary considerations in developing the 
mosquito: maintaining the accuracy and reliability of microliter-dispensing 
systems, and avoiding cross-contamination, 

The second aim may be accomplished either by washing reusable components, 
or using disposable pipettes. However, since washing becomes less efficient as 
volumes get smaller and concentrations rise, the company embraced the latter 
approach, says Sanghera. But TTP LabTech also wanted to avoid traditional 
disposable tips, as tip boxes eat up instrument deck space, and require robots to 
handle them, 

The mosquito uses a banclolier of 36,000 disposable tips (equivalent to 95 
boxes of 384 tips) on a tape reel about the size and thickness of 35-mm film. The 
tape feeds into the mosquito horizontally and then rotates 90 degrees to bring 
the tips into contact with the apparatus and samples. Each tip, like the barrel of a 
syringe, can aspirate, dispense, and mix reagents as needed, in volumes between 
25 nland 1.2 pl. Once used, the tape rotates back to its original horizontal position 
and exits the instrument. 

Though the mosquito has remained largely unchanged since its release several 
years ago, new applications have emerged, says Sanghera, such as real-time PCR, 
crystallography, and MALDI mass spectrometry sample deposition. And the user 
base is growing, he says; academic institutions now comprise the majority of 
users. 

Labcyte designed its nanoliter dispensing system around a different principle. 

“When you get to nanoliter volumes, you need very fine control, and that turns, 
‘out to be very challenging,” says Richard Ellson, the company’s chief technology 
officer, “It’s difficult to make holes used in conventional dispensers all the same 
size and to make sure they do not change in size, as compounds in the screening 
Libraries will often stick to materials.” 

The Labeyte Echo 555 system overcomes these issues via 2 completely 
noncontact approach. Echo systems use sound energy to determine both the level 
of hydration and volume of DMSO-based samples in each well of a microtiter plate. 
They then focus a burst of energy customized for the fluid composition directly 
at the meniscus to eject precise 2.5-nl droplets into an overhanging, 
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The Labcyte Echo 555 system focuses a burst of 


energy directly at the meniscus to eject precise 2.5-nl 
droplets into an overhanging destination plate 


inverted destination plate, which comprises anywhere from 96 to 
3,456 wells, 

“As you get smaller and smaller, surface tension forces get very 
large in relation to gravity,” Ellson explains. “The drops stick because 
there's enough surface tension to hold the drop on the ceiling of the 
inverted plate.” That is true even of larger volumes, he adds, which 
means the Echo can transfer into prefilled wells. 

Multiple droplets can be ejected into a single well to achieve 
larger volumes, and the system is flexible enough to eject different 
volumes from different wells, or from a single source well into 
‘multiple destination wells. 

Though the initial systems were designed specifically to handle 
samples in DMSO (as is common with pharmaceutical compound 
libraries), the systems can also be calibrated to work with aqueous 
samples, says Ellson. The Echo 520, to be released at this month’s 
LabAutomation 2008 meeting in Palm Springs, California, will have 
this capability out of the box, he adds. 


Next Generation Pipettes 
Not all tiquid handling advances are robotic. Two companies have 
reinvented the handheld pipette itself, bringing consumer-product 
‘aesthetics to the lab bench. 

Launched this past October, Viaflo's Vision electronic pipettes 
feature a full-color LCD display and iPod:like touchwheel user 
interface that was consciously designed to appeal to young, 
technically savvy lab workers. 

According to Viaflo Marketing Director Marc Hamel, the 
instruments score high on the “wow” scale at product shows. “It's 
the first product I've been involved with that has real stopping 
power,” he says. 

Users easily navigate simple menu options and set aspirate and 
dispense volumes using the pipette's touch-sensitive touchwheel, 
just as they select songs on their MP3 player. Favorite volumes 
‘can be preset and selected for easy task-switching, and can even 
be beamed to the pipette from a PC via Bluetooth connectivity. And 
the system is programmable, with 10 commonly used pipetting 
modes (such as aspirate, dispense, mix, and purge) that can be used 
individually or linked together to build custom protocols. 

Thermo Fisher Scientific has adopted another approachto simplify 
manual pipettes: voice-activation. Speak the words “two:three-zero” 
to the company’s new Matrix Hybrid Pipette, for instance, and the 
instrument display will read “23.0 yl,” says Craig Weiss, director of 
marketing for Thermo’s Matrix Liquid Handling Products. Users can 
also control the volume by scrolling up and down on a digital display, 
‘or by selecting from one of a series of user-defined preset volumes. 

All of which serves to increase productivity, Weiss says. “You pay 
some very highly educated people high dollars to do very manual 
labor. People are starting to see that the more you can automate 
that, the more it frees these highly skilled individuals to do the 
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core research, versus hours turning pipette knobs while pipetting 
by hand.” 


The Air Out There 

‘Seahorse Bioscience of North Billerica, Massachusetts, is automating 
an up-and-coming area of bioscience research: mitochondrial 
activity. 

“The mitochondrion has become the focus for a whole bunch 
of different diseases,” says Steve Chomicz, vice president of sales 
and marketing. “Whether neurodegeneration, cancer, diabetes, or 
‘obesity —all the research leads them to focus on targets that involve 
the mitochondria.” 

The best way to study that, he says, is through measurements in 
living cells of glycolysis and oxygen consumption, two indicators of 
Cellular bioenergetics and mitochondrial function. And that is exactly 
what Seahorse Bioscience’s XF24 Analyzer does, 

The XF24 uses a disposable cartridge that can be lowered just 
above a microlayer of cells in a microplate well to create a transient 
microenvironment in which changes in pH and oxygen levels can 
be optically detected in up to 24 wells at once. Up to four drugs 
can be added during this process, Chomicz says, thereby enabling 
experiments that are not possible using traditional oxygen-sensing 
equipment such as Clark electrodes and radiolabels. 

“Scientists have said repeatedly that the drug delivery option is 
‘one of the most powerful features of the instrument, because you 
can do live agonist/antagonist measurements and dose-response 
curves,” says Chomicz. “That cannot be done with Clark electrodes, 
0 they like that very much.” 

Chomicz says the system software is constantly being upgraded 
based on user feedback, and new sensors (for instance, for glucose 
and CO.) are in development. 


Personal Automation 

A number of companies have shifted focus from large-scale robotics 
down to smaller, so-called personal automation. According to Wendy 
Lauber, director of product management for biopharma at Tecan, “It 
isa market need to have all of the power of the high-end market with 
the pricing requirements of the low-end market.” 

Tecan, for instance, recently released a low-end addition to 
its Freedom EVO line of liquid handlers, the Freedom EVO 75, 
which features a dual-pipetting mode “8 Plus 1 Access 8 arm.” 
says Lauber. 

Operating in either an eight- or single-channel mode, “It gives 
you two functions in one, because at this low entry range, cost is a 
concern,” she says. 

Promega is also embracing this automation trend, 

“Larger liquid handlers tend to have a high learning curve, 
where a customer must maintain a certain level of automation 
expertise,” says Cristopher Cowan, Promega’s integrated solutions 
and engineering group manager. As a result, labs are forced to keep 
trained specialists on staff, which is precisely the opposite of what 
automation is supposed to achieve, he says. 

“it's crazy: the lab is buying an open platform to increase 
throughput and lower the head count, and yet you need that extra 
head count to maintain it. 

Personal automation devices like Promega’s Maxwell 16 (released 
fall 2006), Cowan says, are smaller and simpler than traditional 
robotics systems. Just plug in the appropriate reagent cartridge—the 
‘Maxwell 16 can extract DNA, RNA, or protein from up to 16 samples 


simultaneously—and come back in about 30 minutes to continued > 


www.sciencemag.org/products 
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collect your materials. 

The company’s second-generationinstrument, released fall 2007, 
features a “very different and more robust design,” says Cowan. 
More important, it can elute samples in a smaller volume (and thus, 
at a higher concentration): while the original Maxwell 16 extracts 
samples in 300 yl, the so-called low-elution volume (LEV) protocol 
‘elutes in as little as 20 pil, 

Also entering the personal automation arenas Qiagen, acompany 
that has for years sold larger-scale automation equipment. 

{In January 2007 the company automated its spin column-based 
nucleic acid sample preparation kits with the QlAcube, which can 
process up to 12 samples at about the same speed as a technician 
doing the job manually, says Wolfgang Leibinger, business director 
for automation, 

This month, says Leibinger, the company plans to roll out the 
medium throughput QIAsymphony, bringing the simplicity of 
Qiagen’s earlier low throughput BioRobot E21 to a higher through: 
put audience. 

The EZ1 is a relatively small, easy-to-use robot for processing 
‘nucleic acids from up to six samples at once. Simply insert a magnetic 
card with the protocol, add prefilled reagents, and go. Now, that 
simplicity is coming to the microplate level. says Leibinger, which 
makes such robotics more accessible. 

“I see this as a major mind-shift,” he says. “What we have seen 
in the past is if you have these complex instruments, and the guy 
‘who used it leaves the lab, the instrument is often not used anymore 
because no one has the confidence to work with it.” 

To achieve this simplicity, Qiagen departed from the typical 
lab robot aesthetic. The QlAsymphony has a deck, for instance, 
but rather than dealing with it directly, users load sample kits and 
disposables through drawers. A robotic arm then takes the material 
‘and places itin its appropriate position. Similarly, the system has no 
external computer, instead relying on a touch-screen interface. 


Automating Cell Culture Work 

Another relatively new trend in lab robotics is cell culture 
automation, says Brad Nelson, director of marketing for instruments 
‘and workstations at Velocity11, which was recently acquired 
by Agilent Technologies. 


r 
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Cell culture places special demands on lab automation, Nelson 
says. For instance, the devices must be able to fit inside a standard 
hood footprint and yet not disrupt the flow of air that keeps the 
hoods sterile, 

Velocity11's Bravo liquid handler was “designed specifically to be 
able to operate inside a standard [laminar] fume hood,” says Nelson, 
‘who notes, “if you create a device that looks like a giant block, you 
will disrupt the flow.” 

The Automation Partnership (TAP) also automates cell culture 
instrumentation. TAP’s new Sonata, for instance, is designed to help 
biopharma companies evaluate and optimize cell lines and culture 
conditions before scaling up to larger batch sizes. 

Intended as an intermediary between the research and 
manufacturing stages of biopharmaceutical development, the 
system uses parallel processing to mimic the conditions inside 
bioreactors, which are too large and cumbersome to opti 
directly. “Sonata enables, say, 200 flasks to be incubated and for 
all the processing of feeding, maintenance, sampling, measuring 
metabolites, viability, and so on to be carried out automatically,” 
says Rosemary Drake, director of business development. 

“You get much more data, you can be more thorough, and you 
can reduce the time it takes to identify the best clones and culture 
conditions to take forward into the next phase of development,” 
she says. 


Major Vendors 
Major automation vendors have not been idle, either. 

PerkinElmer, for instance, continues to develop application- 
‘specific workstations based on its JANUS platform, says Nance Hall, 
president and general manager of the automation and detection 
solutions business. Among its new offerings are workstations 
specifically designed for forensics and cellular screening, as well asa 
new AlphaLISA Automated solution, which uses PerkinEImer's novel 
assay design as an alternative to enzyme-linked immunosorbant 
assays (ELISAs). 

Unlike traditional ELISA assays, which are cumbersome and utilize 
several separation steps, says Hall, AlphaliSA “is a novel, no-wash 
technology easily automated and providing less assay variation than 
ELISA.” By eliminating washing, AlphaLISA also removes ELISA’s 
most time-consuming steps, she adds. 

For those who need to keep all their disparate automation pieces 
under control, Thermo Fisher Scientific will shortly be launching a 
new “mover-independent” software platform, says Hansjoerg Haas, 
director of marketing for lab automation and cellular imaging. Such 
software will allow users who have robots from multiple vendors to 
control all of them using a single software tool, rather than with a 
collection of incompatible programs. 

Beckman Coulter, meanwhile, has begun automating the process 
of flow cytometry, says Keith Roby, applications product manager 
for automation. “It's easy to do four or eight tubes by hand,” he 
‘says. "When you start getting up to 24 tubes, it's very easy to make 
pipetting mistakes.” 

Now scale that up to 96 samples, he continues, and mistakes are 
inevitable. “That's where automation comes in: it will do the same 
thing every time; human error is taken out.” 

‘And that’s a lesson that applies no matter what process you might 
be automating. 


Jeffrey M. Perkel isa freelance science writer based in Pocatello, Idaho. 
DOE 10.1126/science.opms 0800021 
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Thermal Analysis Line 
The Thermogravimetric Analysis and Differential Scanning 
Calorimeter System (TGA/DSC 1) combines the new DSC 1 system 
and updated STARe Thermal Analysis software. The TGA/DSC 1 cuts 
analysis time by 50 percent, increases productivity, and provides a 
‘wealth of information from a single measurement. The innovative 
sample temperature sensor is attached directly to the weighing 
arm and detects temperature deviations of +0.25 K from ambient 
temperature to 1,600 ‘C. The color touchscreen terminal allows 
the status of the measurement to be seen even at a distance. The 
system offers high sensitivity, excellent temperature resolution, flat 
baseline, and a robust design. The DSC 1 is able to separate close- 
lying effects at heating rates up to 300°C/min, reducing analysis 
times. When the touch-free SmartSens infrared sensorsare activated, 
Users can open and close the furnace without touching any part of 
the instrument or disrupting a measurement. The software includes 
an optional interface for integration with a laboratory management 
information system. 


Cell Culture and Image Analysis System 

The Cell Growth and Discovery (CGD) WorkCell is a fully enclosed, 
environmentally controlled, automated solution designed for high 
capacity cell growth, supply, and in-line image analysis. Combining 
state-of-the-art software with sophisticated robotics, the CGD Work- 
Cell can simultaneously handle multiple plate and flask formats and 
perform cell maintenance, colony selection, and RNA interference 
studies. The system can improve the quantity and quality of char: 
acterized cells, eliminating human error and improving data consis: 
tency. Designed for the growth and analysis of multiple cell lines and 
cultures, this high-capacity system offers full level Il high efficiency 
particulate air (HEPA) containment with strategic ports for easy user 
access while still protecting cells from contamination and users from 
hazardous aerosols and vapors. It can perform variety of assays at 
the optimal point of cell growth and offers extensive process flex 
ibility to meet the culture and experimental demands of varying cell 
types. The instrument can accommodate multiple container formats 
to provide cells suitable for a variety of research needs, from cloning 
and transfection studies to general cell line amplification. 

Thermo Fisher Scientific 

For information 828-365-1205 

www. thermofisher.com 


Drug Discovery Robotics 

Integrated Industrial Robotics Solutions for high throughput 
pharmaceutical and biotech applications feature the Motoman HP3)C 
Robot providing the transportation foundation, SAMI Workstation EX 
Software providing features tailored to industrial applications, and 
@ safety enclosure to protect operators and samples. The systems 
are individually tailored to the application by the Beckman Coulter 
Integrated Solutions Team, which customizes and optimizes the 
software along with placement of devices, labware, and transport 
tools. Powerful software facilitates assay design, providing ongoing 
checks and feedback to the developer and ensuring that the finished 
method is validated. The software integrates all devices, liquid 
handlers, actions, and plates for maximum throughput and efficient 
resource use. The Motoman robot arm has a successful track record 
in high-workload applications. The custom-tailored systems may 
corporate Beckman Coulter liquid handlers, including the Biomek 
series, and readers such as the DTX Series Multimode Detectors and 
the new Paradigm Detection Platform. 

Beckman Coulter 

For information 714-993-8955 

www.beckmancoulter.com 
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Mettler Toledo 
For information 614-438-4686 
vwewew.mt.com/TA 


Automated Microarray Processing 

The QuadChamber is for automated processing of four different 
microarrays simultaneously on one slide using the HS Pro automated 
hybridization station, The QuadChamber was developed for use 


with Agilent’s new 4 x 44x 4-Plex Gene Expression as well as CGH 
Microarrays, which consist of four individual, whole-genome 
microarrays printed on a single glass slide. It is the first fully 
automated system that can independently handle four arrays on 
fone side with no cross-contamination between the arrays. The 
QuadChamber provides a sealed environment around each of the 
four arrays on Agilent’s 4-Plex slides, with independent channels 
for wash buffers, independent agitation mechanisms, and 
independent drying. 

Tecan Group 

For information +41 44 922 81 11 

wwewatecan.com 


Cell Attachment Studies 

The ECIS 800 is an electric cell-substrate impedance sensing (ECIS) 
system that performs automated studies of cell attachment and 
spreading. The ECIS 800 provides a novel method for performing 
real-time cell monitoring, electroporation, and wounding. The system 
measures changes in impedance of a small electrode to AC current 
flow to observe changes in cell movement and confluence. The 
highly specialized eight-well slides make use of an array of gold film 
electrodes that connect to the ECIS 800 electronics, allowing multiple 
preparations to be studied in parallel. 

Br 

For information 800-272-2775 

wowwubtxontine.com 


Electronically submit your new product description or product literature 


information! Go to www.sciencemag.org/products/newproducts.dtl for 
‘more information. 


Newly offered instrumentation, apparatus, and laboratory materials of 
interest to researchers in all disciplines in academic, industrial, and gov- 
‘ernmental organizations are featured in this space. Emphasis is given to 
purpose, chief characteristics, and availabilty of products and materi- 
als. Endorsement by Science or AAAS of any products or materials men- 
tioned is not implied. Additional information may be obtained from the 
‘manufacturer or supplier. 
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FACULTY POSITION in TERRESTRIAL 
BIOGEOCHEMISTRY 
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‘TENURE-TRACK FACULTY POSITIONS 
‘The Department of Molecular Sciences 
College of Medicine, University of Tennessce 
‘Health Science Center, Memphis, 

The University of Tennessee Heakh Science 
Center Department of Molecular Sciences secks 
two full-time tenure-track faculty at the JUNIOR 

ranslational research 


agenesis of infections, sacane development, emerging, 
infections and selectagents, genetics of host-path 
interactions, anu antimicrobial resistance, We se 
expand our strong interdisciplinary group of 
nd dlinical scientists as we integrate additional re 
Search programs into our campuswide dinical and 
trandational rescarch programs and new Regional 
Biocontainment Laboratory. Core campus resources 
icude extensive mouse genomics and informatics, 
‘Molecular Resource Center 
tice fait 
sercening, small animal imaging, and microscopy. Ad: 
junct appointment in the appropriate clinical depart: 
‘ments andl collaboration with the V.A. Hespital and 
St. Juke Children’s Research Hospital are 
aged. Applicants must have a Ph.D, M.D, oF 


D.V.M. with an established reputation in one of the 
above areas of research, 
Successful candidates will be responsible for 


developing and maintaining an extramuraly funded, 
independent rescarch program, and contnibute t0 
graduate and professional student teaching. Inter 
‘sted applicants should send aletcr of interest, bret 
Xescription of rscarch accomplishments, short sim 
mary of future research plans, and curriculum vitasy 
dnd arrange to have three letters of reference sent to 
Dr, Lorraine Albritton, Chair of the Search Com 
mittee, Department of Molecular 
University of Tennessee Health Sci 
858 Madison Avenue, Memphis, TN 38163, oF 
‘email: lalbrit@utmem.a. Review of applications 
‘sl begin immediately and continue unt all post 
Yin ae fee For atl imation, soe wei: 
htp:// www astmem.edu/molecular sciences. Te 
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RESEARCH ASSISTANT PROFESSOR 
The Department of Biological Sciences at the 
University of Illinois at Chicago (UIC) invites ap 
plications for a nontenure-track position asa 
Research Assistant Professor. Applicants must pos: 
sess a Th.D. and at least four years of postdocto 
fea of intracellular trafficking. Expe 
DNA, proein, genic, and call Noga 
techniques in yeast is csential. Send curriculum, 


reference k 
sydivis@uiceda ¢ 
ago, Biological Sciences, 845 W. Taylor Street, 
M/C 066, Chicago, IL’ 60607 ‘by February 8, 
2008. UC iy an Airmaie Acton/Ligul Opporonty 
Employer 


POSTDOCTORAL POSITION aoailable at the 
Chicago Medical School of Rosalind Franklin Uni 
versity to investigate cell and molecular biology of 
muscle fiber type development, particularly focusing, 


fon mechanisms of signal tranaduction and gene reg, 
tation. Must have Ph.D. in cellular biology and/or 
molecular biology. Experience in protein expression, 
systems, mutagenesis, proteomics, cell culture, im- 
Zunoprespvation, ad calcium imaging is desired 


e-mail: joseph.dimario@rosalindfranklin.edu. 
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PENNSTATE 


Tenure-track Positions in 


Energy Science, Engineering and Policy 


The Pennsylvania Stare University will recruit and hire at least 25 new tenure-track faculty members 


policy during the next 3 years. This is part of an initiative to enhance an already vigorous program of environmental and energy research 


and education at Penn State that includes strategic alliances with major enen 


companies and the Commonwealth of Pennsylvania, The 


first 9 positions target coal-erived fuels, bioenergy, and carbon sequestration. 


Applications atthe Assistant/ Associate Profesor level ate sought, but appointments to senior ranks will be considered for qualified 


candidates. Most positions will be co-funded by the participating academic depat 


ISIEE). For more details please sce wwwipsice.psu.edu/open_positions.asp. Applications are hereby solicited for the first 


ants and by the Pena State Institutes of Energy and the 


COAL-DERIVED FUELS: 


Catalysis for Efficient Hydrocarbon Conversion—Friederich G. 
Helfferich Professorship in Chemical Engineering 
The Department of Chemical Engineering (www.che psu.cdu) is seeking 
a candidate with research incerests in catalysis o¢ reaction engineering 

g. The applicant will 
become the firs holder of the Friederich G. Helfferich Professorship in 


as applied to efficient hydrocarbon process 
‘Chemical Enginecting, an endowed position that provides unrestricted 

annual support. Applicants will be considered at all ranks. The suecessfl 
applicant is expected to develop and maintain a research program 

leading to national and international recognition and to teach at the 
‘undergraduate and graduate levels. Candidates must have a Ph.D. in 
(Chemical Engineering or in a closely related field. Contact: Kristen 

Fichthorn at fichthorn@psu.cdu 


Coal Conversion to Liquids and Molecular Modeling of Coal 

Structure and Reactivity (2 positions) 

The Department of Energy and Mineral Enginocting (EME) (www 

cme.psttedu) is seeking (wo candidates with strong research interests in 

the seructure-reactvity relationships chat affect che conversion of coal 

1 liquids and gases, These two positions are part of Penn States new 

mn Energy Initiative. The candidates are expected to establish 

orous sponsored research program and have the ability to collaborate 

cffetively on research in related areas with Faculty 


those associated with the PSIEE. EME is h 


Mining Engine m and Natural Gas Enginceting, and Energy 
Business and Finance, Successfil candidates are expected to develop a 
strong recordin teaching undergraduate and graduate courses in Enetgy 
neering and related degree programs. Requirements indude a doctoral 
a relate field. Contact: Joan Andrews at jxal@psu edu 


Fuel Flexible Combustion of Coal Derived Fuels 
The Department of Mechanical and Nuclear Engincering (wwwmne pst 
edu) is seeking a candidate with strong research and teaching interests in 
combustion science and technology specifically related to coal-derived 
fuels. The candidate is expected to establish a vigotous sponsored 
research program, collaborate effectively on rescarch in related areas, 

and develop a strong record in teaching undergraduate and graduate 
courses in Mechanical Engineering and related deggce programs. Penn 
States Mechanical Enginecting Undergraduate and Graduate Program's 
are currently 12th and 15th, respectively, in the U.S, News and World 
Report rankings. Requirements include a doctoral degree in mechanical 
cengincering of a related field. Contact: Domenic Santavicca at das8@psu 
du. 


BIOENERGY: 


jomass Energy Economics and Policy 

The Department of Agricultural Economics and Rural Sociology 
aers.psu.edu) is secking a candidate with research interests in spatially 
tecplicit modeling and the interaction betwsen the environment and 
economy as mediated through land use and landscape. The successful 
candidate will join a multi-college team of ceonomists and other scientists 
working on issues of energy and envionment, and will be expected to 
work with incerdisciplinary teams to conduct rescarch and seck external 


funding in arcas such as the economics of biomass energy, modeling ofthe 
environmental impacts of biomass enctgy development, land use change 
and land use policy. Contact: Jim Shore at jshortle@psu.cdu, 


Enzymology, Transcriptional Control, or Systems Biology of 
Cellulosic Feedstocks 

The Department of Biochemistry and Molecular Biology (www-bmb. 
pueda) is secking a candidate with rescarch interests in (a) enzymatic 
smcchanisms for the synthases and transferases involved in formation 

of plant cell wall polymers: (b) transcription factors regulating cell wall 
synthesis pathways; of (c) understanding how cell wall formation works as 
an integrated system, The successful eandidate is expected to maintain a 
vigorous, extrnally funded research program. Access to graduate students 
is also available through several interdisciplinary programs under the Huck 
Institutes of the Life Sciences (www.huck pau.edu). Review of applications 
will begin February 15, 2008 and will continue until the position i filled. 
Contact: Naney Wilson at njw!2@psu.eds 


Synthetic Biology Engineer 
The Department of Ageicultural and Biological Enginecring (wwwabe 
paredu) is socking a candidate that will apply engineering paradigms 
of design, fabrication, and system synthesis to biological science with 
particular emphasis dirccted towanl renewable biomass energy, The 
succewful candidate is expected to collaborate with biological seientins 
and biological enginccrs to develop an internationally recognized research, 
program with substantial external fading: and to develop and teach 
undergraduate and graduate courses on synthetic biology enginecti 
pincipks and applications as well as to enhance several existing biological 
engineering courses. Requirements include a doctoral degree ina telated 
field and at least one engineering degree (B.S., M.S., Ph.D.). Contact: Paul 
Heinemann at habe 


CARBON SEQUESTRATION: 
Geologic Carbon Sequestration (2 positions) 


The Department of Geosciences (www geose,pss.edu) and the Department 
of Energy and Mineral E 


candidates whose researc falls into one 


paved, 


cering (www.eme.psu.cdu) are seeking two 
note ofthe challenging areas 
of enginceting and geoscience associated with the introduction and fates. 
of carbon-beating fluids in the subsusface environment: (1) Basin Analysis 
and Modeling, where the dev 
architecture, sedimentaty facies, and stratigraphic stacking patterns is 


pment of process models for the sttatal 


nceded to define and characterize sequestration targets; (2) Formation, 
‘Characterization and Imaging, where advances in 4D formation imaging, 
ate aceded for monitoring and performance assessment of CO2 storage 
and (3) Fluid-Rock Interactions, where effective sequestration will be 
promoted by characterization and modeling fluid trap and seal evolution, 
and proces-hased understanding of the transmission, transformation, 
and trapping of fluid and solid components within the subsurface 
‘Outstanding candidates who creatively apply theoretical, observational 
and/or experimental approaches are encouraged to apply. Applicants 
should have a doctoral degrec in petrolcum enginccring or geosciences 
and demonstrate a dstinguishad record of scholarship and potential 
for developing 2 vigorous externally funded research program, They 
ate expected to contribute to core teaching in geosciences or petroleum 


engincering. Contact: Teresa Craig at traig@peosc.psu.cd 


Penn State is committed to affirmative action, equal opportunity and the diversity ofits workforce. 
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Pb. Chal ofthe Seach Commie, Unversiy of Florida PO Box 100235, Gnesi, FL 
$2610-02380rby malo mgmehareardar healed Applic o my api clin ot 
iebnateda toning etn ner OT4SD4, Noninst old be onan Stephen P 
Suga, PAD. Salary negotiable nd wil be ommensre with epee The review of pcan 
sib on teh 3, 2008, wl coins un the postion le. 
The Unser of Foran Equa Opportanty Ito dete obliga bray 
(ven and ncaa sta mori, women and hse from her anecred 
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HARVARD UNIVERSITY 
DEPARTMENT OF MOLECULAR AND. 
CELLULAR BIOLOGY, HARVARD. 
‘ORIGINS OF LIFE INITIATIVE 


‘The Department of Molecular and Cellular Biol 
ogy and the Harvard Origins of Life Initiative 
invite applications for a tenure-track faculty 
Position in molecular biology investigating 
pathways from simple molecules to life, This 
newly created position is part ofa broad inter- 
faculty effort at Harvard University to develop 
interdisciplinary study of the early evolution 
of life 


The tenure-track Assistant oF Associate Professor 
faculty member wll reside in the Departmentof 
Molecular and Cellular Biology and become a 
core faculty member of the Prebiotic Chemis- 
try facility i the Origins of Life Initiative. We 
sock outstanding candidates with experimental, 
theoretical or combined research interests an 
teaching experience in the molecular biology of| 
the emengence of life. We particularly encourage 
applications from women and minorities 


Applications should include a CV; names, 
addresses and e-mail of three 10 five referees, 
and a statement of research and teaching 
interests, Review of appli 

tonsto http: 
iswww.anch.harvard.edu/Jobs/Faculty. For 
{information contact J. lackbourw MCB-HOLI 
Search Committe, jullabya meb.harvard.edu, 
Department of Molecular and Cellular Biology 
Harvard University 


Harvard University is an Affirmative Action 
Equal Opportunity Employer 


CHAIR 
DEPARTMENT OF CELL BIOLOGY AND PHYSIOLOGY 


UNIVERSITY OF PITTSBURGH SCHOOL OF MEDICINE 


‘The University of Pittsburgh School of Medicine is seeking a chair forthe 
Department of Cell Biology and Physiology. The Department comprises 
22 tenure tenure-strear faculty with a research focus on cell polarity and 
the traficking of proteins and lipids, on the function and dysfunction 
‘of jon channels, on reproductive biology. and on signal transduction in 
diabetes and metabolism. The successful candidate must demonstrate an 
‘outstanding record of scholarship commensurate with appowntiment tthe 
rank of Full Professor with tenure, An outstanding startup package has 

ready been committed for this position, and the person who holds this 
position will aceupy the fully endowed Richard King Mellon Chair in 
Cell Biology and Physiology. 


‘The new chair will lead a significant expansion of the department and 
will benefit from interactions with the Center for Biological Imaging and 
the University of Pittsburgh Cancer institute. and the recently established 
Clinical and Translational Science Institute and Drug Discovery Institute 
as well as with other research units within the School of Medicine. The 
University of Pittsburgh Schoo! of Medicine is enjoying unparalleled 
growth in ts research, clinical, and academic missions. The University is 
‘currently ranked 7th among educational and research institutions i NIH. 
funding and has doubled its NIH support inthe last 10 years, 
Please send curriculum vitae and bibliography to the head of the 
CBP Chair Search Committee (Jeffrey L. Brodsky. 
jbrodsky/apitt.edu. 
The University of Pitshurgh is an Affirmative Action, Equal 
Opportunity Employer. Women and members of minority groups 
under-represented in academia are especially encouraged to apple: 


PROGRAM OFFICER, PHYSICAL CHEMISTRY 


‘The Office of Naval Research is seeking a qualified individual 

to manage sponsored basic/applied research, and advanced 
development programs and projects in the broad area of physical 
chemistry. The sponsored efforts are conducted principally at US. 
‘universities and industry or Federal laboratories, This isa Federal 
Civil Service position at the GS-14/15 level ($97,093 - $148,477) 
depending on individual qualifications, 


‘The position requires knowledge and experience in the fundamental 
theories, concepts, and current state-of-the art research and/or 
technology development in the area ot physical chemistry, induding, 
‘but not limited to, frst principle understanding of complex 
‘phenomena: characterization, understanding and simulation of the 
properties and reactions that are unique to surfaces and intertaces; 
and emerging computational tools and experimental techniques, 
including in-situ sensing 


For information on qualifications and how to apply, see ONA's 
Job Announcements at our website http:/werw.ont.navy. mil. 
Applications must be submitted by the date nated in the job 
announcement. For technical information contact us 

at hrdeptjobs@ont.navy mil 


US. CITIZENSHIP REQUIRED » AN EQUAL OPPORTUNITY EMPLOYER 


a 


Mie 


NATIONAL INSTITUTES OF HEALTH 
OFFICE OF THE DIRECTOR 
OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITIATIVES. 
DIVISION OF RESOURCE DEVELOPMENT AND ANALYSIS 


Y DEPARTMENT OF HEALTH AND HUMAN SERVICES 


The Office of the Director, National Institutes of Health (NIH) in Bethesda, Maryland, is seeking a Director of the Division 
of Resource Development and Analysis (DRDA) within the Office of Portfolio Analysis and Strategic Initiatives (OPASI), 


If you are an exceptional candidate with an M.D. and/or Ph.D., we encourage your application. 


The OPASI’s primary objective is to develop: a transparent process of planning and priority-setting characterized by a 
defined scope of review with broad input from the scientific community and the public; valid and reliable information 
resources and tools, including uniform disease coding and accurate, current and comprehensive information on burden of 
disease; an institutionalized process of regularly sch aluations based on current best practices; the ability to weigh 

entific opportunity against public health urgency; a method of assessing outcomes to enhance accountability; and a system 
for identifying areas of fc and health improvement opportunities and supporting regular trans-NIH scientific planning 


and initiatives. 


As the DRDA Director, you will be responsible for employing resources (databases, analytic tools, and methodologies) and 
developing specifications for new resources, when needed, in order to conduct assessments based on NIH-owned and other 
databases in support of portfolio analyses and priority setting in scientific areas of interest across NIH. 


Salary is commensurate with experience and includes a full benefits package. A detailed vacancy announcement with the 
mandatory qualifications and application procedures can be obtained on USAJOBS at www.usajobs.gov (announcement 
number OD-08-236976-T42) and the NIH Web Site at http:/www,jobs.nih.gov, Questions on the application procedures 
may be addressed to Brian Harper on 301-594-5332. Applications must be received by midnight eastem standard time on 
February 14, 2008, 

This position is subject to a background investigation. 


DIIHS and NII are Equal Opportunity Employers 


Fae 
Division Director, Experimental 
Hematology and Cancer Biolog 


The Division of Experimental Hematology and Cancer 
Biology at Cincinnati Children’s Hospital Medical 
Center is initiating a search for an outstanding scholar 
and leader. The successful applicant may hold an MD, 
PhD or combined MD/PhD degrees. S/he may have a 
translational or basic focus in cancer or hematopoesis, 
including but not limited to stem cells. Very significant 
resources are available to build a joint cancer program 
with the University of Cincinnati. The successful 
candidate will be expected to maintain and advance 
outstanding scientific programs, and lead a collabor- 
ative, translationally-oriented division with extensive 
extemal funding. 


The division currently houses 16 faculty members with 
strength in hematopoesis, neuro-oncology, signaling 
and gene therapy. The division maintains outstanding 
cores for vector development, flow cytometry, mouse 


modeling, and pre-clinical translational laboratories, 
and is moving to a new research building in January 
2008, Cincinnati Children’s is currently ranked second 
in NIH funding for Departments of Pediatrics and in 
the top five in Pediatric Cancer Care, Ample laboratory 
space in the new building and a generous multi-year 
start-up package will be provided. 


Applications should be emailed to: 
Jeff Robbins @echme.org 


Ay Cincinnati 
Children’s: 
‘pt ees! Coe 


ceca rer Hosp Meda Cert an Atomic Anlst Oppo 
Inesson Women and maarier re encarapes © 965, 


Visit our website at 
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> Penn 


Institute for Diabetes, Obesity and 
Metabolism/Department of Radiology 


The Institute for Diabetes, Obesity and Metabolism (IDOM) and the 
Department of Radiology atthe University of Pennsylvania School of 
Medicine scek candidates for an Assistant or Associate Professor posi 
tion in the tenure track. Rank will be commensurate with experience 
Responsibilities include doing basic or translational research using new 
spectroscopic technologies, particularly nuclear magnetic resonance 
to approach scientific problems relevant to normal metabolism and/or 
disorders such as the metabolic syndrome, diabetes or obesity. The 
successful candidate will complement and synergize with existing 

ar-up package including 
newly renovated space ina superb scientific environment. Applicants 
must have an M.D. or Ph.D, or M.D/Ph.D. degree and have demon. 
strated excellent qualifications in Education and Research. The faculty 
appointment will be in Radiology or an appropriate department in the 
School of Medicine 


strengths and will receive an excellent 


Development of an independently funded research program must be 
demonstrated, To leam more about IDOM and Radiology at Penn, 
Visit our websites: http://www.med.upenn.edu/idom/ and http: 
Jwwwuphs.upenn.cdu/radiology/ 


Please submit a cover letcr, curriculum vitae, a statement of research 


interests and 3 reference letters to: IDOM@ mail.med.upenneda, 


The University of Pennsylvania is an Equal Oppornuniy 
Affirmative Action Employer Women and minority candidates are 
strongly encouraged to appl 


THE SAINSBURY LABORATORY 


GROUP LEADER POSITION 
Plant and Microbial Sciences 


The Sainsbury Laboratory (http://www.tsl.ac.uk) invites 
applications for a group leader position in plant and microbial 
sciences. The successful candidate will develop a research 
program in any area of biology that is relevant to the laboratory 
objective of making fundamental discoveries in the science of 
plant-microbe interactions andis complementary to the activites 
of the current group leaders. We encourage applications 
from scientists who seek to “cross over’ to plants and plant- 
associated microbes, bringing with them new expertise and 
approaches to fundamental biological problems, 


Currently, The Sainsbury Laboratory hosts six research groups, 
funded by the Gatsby Charitable Foundation and linked with the 
University of East Anglia and the John Innes Centre. The Group 
Leader position is a 100% research position with no formal 
teaching duties and with minimal administrative responsibilies. 
Each group receives an allocation of ~£1.6M over six years in 
addition to an internationally competitive group leader salary 
and shared resources for large equipment. 


Review of applications will start February 1, 2008. Applications, 
will be accepted until a suitable candidate is found. Informal 
enquiries should be directed to Sophien Kamoun (sophien. 
kamoun@ts!.ac.uk). Please email formal applications with a 
CY, names of 3 referees and a 2 page statement of research 
interests to hr@tsl.ac.uk, Please quote reference number 
HoL04/2007, 


Deputy Director 


LBNL is seeking an intemationally 
recognized scientific leader to serve as 
Deputy Director, The Deputy Director works 
to develop the strategic vision of LBNL 
and assists in all aspects of the specific 
implementation of this vision. The Deputy 
will be principal partner and counsel to 
the Director in making decisions on the 
balance of programs within the laboratory; 
attending reviews of existing programs; and 
approving the seeding of new programs and 


the scaling back of others. The candidate 

must possess a broad scientific perspective 

‘and may have an active research program: a 

track record of academic and management 

rth success; and the ability to substitute fort 

BERTIE | L2boratory Director providing leadership to 
a multidiscipinary group of scientists. 


For fastest consideration, apply online at: 
hitp://fabs.tbl.gov, select “Search Jobs", 
and enter 21297 in the keyword search 

scien field. Enter “Science” as your source 


four ational LBNL is an Affirmative Action /Equal 
it Opportunity Employer committed to the 
wowwlblgov development of a diverse workforce. 


TENURE TRACK FACULTY POSITIONS 


Texas Tech University Health Sciences Center 
School of Pharmacy 


Applications are invited for several tenure-trick faculty positions at the 
AssistanVAssociate/Full Professor rank in the Department of 
Pharmaceutical Sciences of Texas Tech University Health Sciences Center 
(TTUHSC), Candidates are sought in the areas of pharmacology, drug 
discovery, development and delivery, signal transduction, and/or 
harmacogenomics The Department comprises me faculty with 
40 graduate students. Growth over the next 4 years is expected 1 take the 
Deparment to 30 faculty, A new 48,000 x fl research facility is under 
‘construction to supplement the cumerk 

the Amusillo campus of the TTUHSC 

Harrington Cancer Center. Collaborations are avaiable 

Universty through finded rewearch insitulesccaters in aging, women's 
health, cardiovascular diease, stroke and cancer, Amano is town of 
~200,000 on the high plains of Texas with excellent opportunities for 
cultural activities, fumily life, and outdoor sports. For further information, 


‘tsi our website: hitp ‘www thus: du sop Pharm 


Applicants mut have an camed doctoral degree in a biomedical or 
‘Pharmaceutical science with relevant postdoctoral experience. In addition 
{o maintaining an extramurally funded research program, the successful 
candidate will teach and mentor students in the professional (Pharm.D) 
and graduate (PhD/M.S.) programs of the University, Competitive tart- 
‘up packages, incentives and lab space are available. Plene submit a 
curriculum vitae, a summary of research and teaching interests and names 
fad addresec of thie references online at hip: /iabs texastech edu (Job 
sition # 75707). Applications will be reviewed beginning February 
For questions, contact the search committee chat, Dr. 
Margaret Weis, Texas Tech University School of Pharmacy, 1300 
Coulter, Amariite, TX 79106; Email: margaret wciststuhss edie Fax 
806-356-4034. 


TIUHSC is an Equal Opportunity/Afirmative Acton Institution. 
Minorties and omen are encouraged 10 apps 


FACULTY POSITIONS 
Jefferson School of Pharmacy 
Thomas Jefferson University, Philadelphia 
Department of Pharmaceutical Sciences 
Applications 
tists for several tenure 
associate professor 


-d from suitably qualified teacher- 
Ly positions at the assistant 


(www,jefferson.edu/jehp/pharmacy) was founded to comp! 
‘ment Thomas Jefferson University’s Vision for interprofessional 
training of highly skilled practitioners to fon 
integrated health care teams of tomorrow. Our found 
members will have the uniqu 
development and 


opportunity to contri 
e doctor of 


of technology 

learning activities. With primary responsibility for the basie 
armD curriculum, the Department 

4¢8 will contribute t0 th 

1 and the University by providi 


research expertise in th 


al funetion from compound structure 
and quantity sy nd biological molecules): Pharma- 
cuties and Drug Delivery (development of principles and 
technologies toa 


schnology. 
experience is required, whi 
icy is beneficial but not required. Applic: 
strate exeel 
or potential for, excell 
schol: appropriate to their considered le 
sssful candidates will be expected to estab 


ig externally funded res S, Lo participate in 
teaching of doctor of ph te students, anid 10 
contribute to govemance and service activities at the school 


resources to provide 


for successful 
and commensurate with quali 
accomplishment expected of hi 
Applicants should submit a cover letter indicating t 
of interest and desired appointment rank, 

ch experts 


or by re 
and Chair, Department of Pharmaceutical 
son School of Pharmacy, Thomas Jefferson Universit 
South 9th Street, Suite 1540, Philadelphia, PA 19107 
Review of applications will begin immediately and continue 
until all positions comprising the founding cohort of faculty 
are filled. 


NATIONAL RESEARCH COUNCIL 
OF THE NATIONAL ACADEMIES 
is accepting applications for a 
Postdoctoral Research Award 
tenable at the 
Walter Reed Army Institute of Research 
in Silver Spring, MD 
The goal of this research is to evaluate the utility 
of endogenous and synthetic antimicrobial 
peptides against pathogenic biofilms in wounds, 
prostheses, and other surfaces. Antimicrobial 
peptides will be evaluated in in vitro and in vivo 
biofilm models primarily against drug-resistant 
organisms. Areas of research will span peptide 
design, host cellular responses, as well as 
molecular and classical microbiology techniques 
to measure efficacy. 


Qualified applicants must have a Ph.D. in 
Microbiology or Immunology with a strong 
background in Molecular Biology, Biochemistry 
and Medical Microbiology. 


For further information contact: 
Sara W. Rothman, Ph.D., Associate Science Director 
Walter Reed Army Institute of Research 
503 Robert Grant Avenue 
Silver Spring, MD 20910-7500 
Telephone: 301-319-9019 
Fax: 301-319-9849/9227 
E-mail: SR1@na.amedd army.mil 


= Eligibility: US and non-US citizens 


: renewal for a total of three 

: years maximum 

« Stipend: $50,600 per annum 

+ Other: relocation, professional travel, 
. health insurance 

+ Deadlines: Feb 1, May 1, Aug 1, Nov 1 


Applicants must initiate a dialogue with prospective 
‘Adviser at the lab as early as possible before their 

anticipated application deadline. Applications must be submitted 
online directly to the NRC at 


www.national-academies.orgirap 
|Questions may be 
THE NATIONAL ACADEMIES 


directed to the NRC at 
202-334-2760 (phone) Or Adviser te he Nation or Sec, Ener od Medcine 


rap@nas.edu. 
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nature — 
chemistry 
Associate Editors 


The Nature Publishing Group is pleased to announce 
the launch of Nature Chemistry in 2009. Following 
the success of Nature Materials, Nature Chemical 
Biology and Nature Physics, and given the strength 
of the parent journal Nature, we fully expect Nature 
Chemistry to seize the commanding heights of the 
chemistry-publishing landscape. 


Alongside the highest-quality original research, 
Nature Chemistry will cover news, commentary 
and analysis from and for the chemistry community, 
as well as striving to develop a voice that chemists 
care about. 


As part of this exciting new publishing venture, we 
are now seeking three Associate Editors for Nature 
Chemistry, to be based in our London, Boston and 
Tokyo offices, 


Applicants should have a PhD in a chemistry-related 
discipline, with demonstrable research achievements. 
Although postdoctoral experience is preferred (not 
required), emphasis will be placed on broadly trained 
applicants with a good knowledge of the chemistry 
community. Key elements of the position include 

the selection of manuscripts for publication, and 
commissioning, editing and writing other content for 
the journal. Candidates who wish to be considered 
for the role in our Japan office must demonstrate a 
good understanding of the East Asian research 
Communities (in particular Japan, China and Korea) 
as well as being fluent in English and preferably an 
Asian language (Japanese, Chinese or Korean). 


These are demanding and extremely stimulating 
roles, which call for a keen interest in the practice 
and communication of science. The successful 
Candidates will, therefore, be dynamic, motivated 
and outgoing, and must possess excellent 
interpersonal skills, The salary and benefits, will 
bbe competitive, reflecting the critical importance 
and responsibilities of each position. 


Applicants should send a CV (including their class 
of degree and a brief account of their research and 
other relevant experience), a News & View style 
piece (no more than 500 words) on a recent paper 
from the chemical literature, and a brief cover letter 
explaining their interest in the post, salary 
expectations, and indicating whether they wish 

to be considered for a position in London, Boston 
or Tokyo 


To apply please send your CV and covering letter, 
quoting reference number NPG/LON/797 to 
Denise Pitter at londonrecruitment@macmillan.co.uk 


Closing date: 31st January 2008. 


ature publishing group e 


THE UNIVERSITY OF SOUTHERN CALIFORNIA 


Pp, DEVELOPMENTAL 
NEUROBIOLOGY 


and Keck School of Medicine, University of Southem California 
invites applications for a tenure-track position of Assistant 


Sciences. The position will be based in the newly constructed 
‘Saban Research Institute building and will include membership 
in the University wide USC Neuroscience Program. 
Qualifications include a Ph.D., or M.D/PhD. degrees, and 
appropriate postdoctoral experience, We are particularly 
interested in applicants who are applying molecular genetic 
approaches to fundamental problems in neural circuit formation, 
bbut individuals studying other aspects of nervous system 
development are also encouraged to apply. The successful 
candidate is expected to establish and maintain an extramurally 
funded research program with international visibility, and 
contribute to graduate level courses in developmental 
neurobiology. Competitive start up funds and state-of-the-art 
research space will be provided. Applicants should send a copy 
of their CV, a statement of rescarch interests, and the names 
contact information of three references to: Richard Si 
Ph.D. Director, Neuroscience Program, The S 
Institute, Childrens Hospital Los Angeles, Keck Schoo! of 
Medicine, University of Southern California, 4650 W. Sunset 
Bivd., MS #135, Los Angeles, CA 90027. 

The University of Southern California and Childrens: Hospital 
Los Angeles are AA/EOE employers. 


From physics 
to nutrition 


For careers in science, turn to Science 
www.ScienceCareers.org 


* Search Jobs * Career Forum 


* Career Advice * Graduate 
Programs 
* JobAlerts 
* Resume/CV All features FREE 
Database to job seekers. 


} Weill Cornell Medical College in Qatar 


sIOLOGIS 


Facutty Posimion 


WCMC-0 seeks candidates for a facuty positon with major responsibilty fo the 
teaching of an introductory biology sequence of two courses ina premedicalpro- 
tram leading to entry tothe medical school. Ananer faculty member conducts a 
Complementary laboratory course sequence. Beyond the principal teaching obilga- 
tioma successful applicant is expected to participate in advising, commitee work, 
and the academic He of WCMC-0. Research space i avalable as well as research 
funding support. Detals regarding the WCMC-0 progam and facies can be 
accessed at: 
www. qatar-med.comell.edu 


Candidates should hola Ph. degre and possess demonstrate teaching skis 25 
wall as experience and traning in research. Candidates must be wing to reocate 
to Doha, Ota forthe duration ofthe appoiniment. Academic rank ané salary are 
commensurate wit taining and experience and are accompanied by a competitive 
fovelgr-senice benelts package. Qualled appears should submit a curcum 
‘ita and ater of interest outing the teaching and esearch expnience to 
facultyrecruit@qatar-med.cornell.edu 


“Please quote Faculty Search #08-sci-801 


all correspondence 


Cornel Unisys am equa opportunity, atimatve acton edcator and employe. 


The screening of appications wil begin immediately and continue wnt stable 
andlates are ientiid. Sorc is expected to Doin n August 2008 


Please noe, short sted candidates wil be asked to provide names of tre references. 


Department of Health and Human Services 
., National Institutes of Health 
National Institute on Aging 


Staff Scientist 
DNA Repair/Signal Transduction 


tramural Research Program (IRP) of the National Institute on Aging 
himore, Maryland, is recruiting for a Staff Scientist position in 

the DNA Repair Unit ofthe Laboratory of Cellar and Molecular Biology 
(LCMB), This is a renewable position with an initial $ year appointment 
for highly motivated individuals with a strong background and extensive 
experience in cellular and molecular biology. Specialized knowledge and 
expertise in the biochemistry of DNA damage and repair as well as signal 
transduction pathways is required. Experience with DNA repair techniques 
that are employed to examine human DNA repair capacity and to assess 
levels of oxidative DNA damage in human samples is desirable. The incur 
bent will have major roles in traning staff and postdoctoral fellows and 
aintaining research continuity within the laboratory. APh.D. or equivalent 


degree is required. 


Salary is commensurate with research experience and accomplishments. 
‘The salary range fo a Staff Scientist is $80,000 - $162,371. A full Civil 
Service package of benefits (including retirement, health, life and loog 
term care insurance, Thrift Savings Plan participation, etc.) is available 
‘Additional information regarding the NIA IRP and the LCMB are avail 


abl atthe following websites: hntptmwregreaaath.gor and ii: 


‘To apply: Please send a cover letter, cwriculum vitae, bibliography, state- 

went of research interests, and three letters of recommendation to: Peggy 

Grothe, Intramural Program Specialist; Office of the Scientific Direc- 

tional Institute oa Aging, $600 

ack Drive, Baltimore, MD 21224-6825. Applications must be 

received before February 18, 2008. If additional information is needed, 
please call 410-888-8012 or email: grothepa gre.nia.nih.gov 
DHHS and NIH are Equal Opportunity Employers 

The NIM is dedicated to building a diverse community in its taining and 

employment programs. 


NC STATE UNIVERSITY 


North Carolina State University Announces 
Four Faculty Positions in Horticultural Science 
Located at the Fruit and Vegetable Science Institute 
in Kannapolis, NC 


‘North Carolina State University and the College of Agriculture and Life 
‘Sciences (CALS) recently established the NC State University Fruitand 
Vegetable Science Institute (FVSI) at the new North Carolina Research 
Campus (NCRC), a privats-public venture, being built in Kannapolis, 
NC (near Charlotte). The goal of the FVSt is to conduct advanced mul- 
tidisciplinary research to enhance the nutritional content of fruits and 
egctables to improve human health; increase agricultural production 
and good agricultural practices leading o a sustainable food supply 
‘and provide scientific ideas and technologies that will contribute to NC's 

mic growth. Other university programs based at the NCRC include 
UNC-Chapel Hill, UNC-Charlotte, UNC-Greensboro, NCA & T State 
University, and Duke University. The NCRC will provide unparallele 
infrastructure for basic and applied research including the 300,000 
D.H. Mundock core support laboratory, technical support, and extensive 
‘grecnhouse and field facilities. A team of world-class sciemists will be 
located at the FVSI, with academic homes in CALS departments i 
Raleigh. NC. As a pat of this team, the Department of Horticultural 
Science is seeking to fill four positions (100% Research, 12 month 
tenure track) at FSI 


Two breeding positions: Leafy Vegetable Breeder ~ Assistant/ 
Associate Professor (Position # 01-10-0718); Strawberry Breeder 
~ Assistant/ Associate Professor (Position # 01-10-0714): Develop 
superior cultivars that are adapted to NC productio 

enhanced nutritional and nutraceutical properties, resistance to major 
‘production constraints, high yields, and extented postharvest shelf-life, 
Develop research programs to understand the genctic control and inbeti 
tance of important traits, and work within a team of a dozen or more 
principal investigators rang 

land other faculty to develop molecular markers for trait selection and to 

he overall mission of FSI 


Applied Molecular Geneticist for Fruit and Vegetable Cultivar 
Development ~ Assistant/Associate Professor (Position #7 01-10 
0712): Develop a molecul ics and genomics research program 
in fuits.and vegetables on traits that lead to the development of improved 
cultivars, Traits of interest may inelude bioactive phytochemical content 
and nutritional value, stability of health-promoting attributes pre and 
postharvest, disease and pest resis dapnation and yield, 
Research topics will include development of tools and technologies for 
rapid cultivar development such as molecular markers and other appropri 
ate molscular approaches, as well onal andor structural genomic 
studies of fruits and vegetables. 


Postharvest Physiologist ~ Assistan/Associate/Full Professor (Posi 

‘Conduct translational research on the biochemical 

‘and molecular bases for ripening, senescence and quality changes of 

borticultural crops in the postharvest environment, The specific esearch 

area is flexible, but should focus on understanding the mechanisms that 

to preserving full bicactive health benefits of fruits and veg- 

tables pre-and postharvest with the ultimate goal of improving produce 
quality for the consurn 


The incumbents are expected to establish collaborative partnerships with 
faculty based at the NCRC, NC State University main campus in Ral! 
and other research stations, as well as with other universities and the 
private sector; provide input to NC commodity industries; establish a 
rigorous, nationally recognized, extramurally Funded research program; 
publish rescarch results in relevant pecr reviewed publications; and chair 
and serve on graduate student committees. 


Applicants should apply online at https:/) 
appropriate position number), Attach a cover letter and CV to the 
‘cline applicant profile, and include the names and contact information 
for at least three references. For more information, contact: Dr. J 


Minority candidates are encouraged to apply: NCSU is an 
EEO/AA Emplover. 
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ASSISTANT or ASSOCIATE PROFESSOR, 
Genetics York College of the City Univenity of Now 
York (CUNY) invites applications for an Assitant or 
Associate Profesor (tenure track) special 
izing in genetics and with a sare date 
ember 1, 2008. Applicants shoul! have a Ph.D. 
and postdoctoral expericce, and inerest andl expen 
fence in teaching uivlengadhates. Instructional resp 
sibltes will inchale genetics leture and laboratory 
cous a bioinfeematis course, introductory biology. 
arnt nonimajor courses as neated, Faculty are expected 
to develop and maintain an externally funded research 
[program involving undergraduates; partiopation i the 
CUNY Ph.D. program via the CUNY 
‘Genter abo expexted. This position is depe 
‘on Financ availablity 

‘Applicants should submit a cover feter, curricu 
lum vita, three ktters of recommendation, and brief 
statements of research plans and teaching philosophy 
to: Dr. Louis Levinger, Department of Biology, 
‘1803, York Colle (CUNY, 94:20 Guy R. Brewer 
Boulevard, Jamaica, NY 11451. 

Visit the York College website: hep: //wwwyork. 
ceuny.cdu to discner more about our essing pro” 
grams and events. For information reganing this po 
‘tion, please se website: http /york-cuny edhe 
jos; apply by the posttonsspecic deadline 


RESEARCH ASSOCIATE 
(ASSISTANT PROFESSOR) 

The Section of Endocrinology, Diabetes, and 
Metabolism at the University of Chicago is seeking. 
‘qualified applicants fora full-time Research Awoxate 
(Assistant Professor) position to participate in 
research on the molecule mechanism of pancreatic 
beta-cell function with a particular regand to the role 
‘of fon channels in control of insulin production and 
sceretion, as well a beta-cell calcium regulation. The 
primary activity of an RA. (Assistant Professor) is 
academic research in association with a faculty 
member or team. Qualified applicants are required 
to possess a Doctorate degree, have postdoctoral 

and substantial experience conducting. 
protcin kinase phosphon lation signaling, 
cawades related to regulition of ionic events in 
insulin secretion, gene expression, and advanced elec 
trophysiologic and confocal celular imaging. tech: 
niques. Please send cover memo, curriculum vitae, 
And thrve letters of reference tor Ann Let, Section 
‘Administrator, Endocrinology, via e-mail: alew® 
‘medicine-bsd.uchicago.cdu. Ihe Uisiersty of Chis 
isan Afiative Aon ul Oppartunty Employee 
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POSTDOCTORAL RESEARCH POSITIONS: 
IMMUNOLOGY and HOST-PATHOGEN 
INTERACTIONS 
Department of Microbiology, Boston University 
‘School of Medicine 

We insite applications from elated scarce for 
Towdstera qpporunitis, Recarh in the Depart 
foxes on the molccdar mechani undcthing ik 
‘aebbl infetion and the howe immune respense (sce 
‘website: htp://wew.bume bu.cdu/microbiolagy). 

“Thomas W. Gedbert (email gesbert@bu.ede), 
Pathogeneds of emerging viruses and development 
(of atonal countermessurce 

‘Souryam Guan (ema tua 
Role of dendtc calls in HIV pathogeness 

‘Andrew J. Henderson (emul: hender@bu.cdu), 
(Celle signals regutsing HIV transcription 

‘Ann Mantak Raxhstcin (emai aretha). 
Inmate/adspeive immunity in animal modch of ws 
{cima auceunmaaniy 
Barhara S. Nikoljcayk (e-mail: baikol@bu.edu), 
ation of tem inflammations ype 2 dabetes 
ant iolammator towel dsene 
‘A. Vig ; 
‘Nuclear an tlle receptor crc elt 
rmucen inition. 

‘BUSM is a Affomstive Action Equal Oppo 

Employ 


The newly established Department of Genetics at 
the Scripps Research Institute (TRSI) is recruiting 
‘outstanding investigators (al levels) with the ak 

tw establish and maintain a research program ia 
area of host resistance to infection, The Department 
fers newly renovated laboratory and office space on 
the La Jolla campus. Preference will be gven 

applicants with a strong publication recor, im: 
nitive approaches to understanding. the molecular 
‘requirements foe innate immunity in any specics, and 
an ablity to participate io a strongly interactive pro 
igram of curting-ellge rescarch, “Applicants should 


: ch 
Pines Roud, La Jolla, CA 92037. TSR! embeacee 
diveraty and copies ia being 3 hey 

ese We behve in developing and maint 
‘esse worhonce. pad Oppentiy Esperia 
Fite Prmew wth Data Vora 


ASSISTANT/ASSOCIATE PROFESSOR 
Department of Pharmaceutical Sciences 
“The Feik School of Pharmacy 
University of the Incamate Word 
San Antonio, Texas 
Two 12-month, tenure-track faculty petions, one 
in pharmacology and one in medicinal chemistry, 
in the Department of Pharmaceutical Sciences; pre 
ferred start date is June 2008. Candidate for this 
position should have a Ph.D. in pharmaco 
Inedicinal chemistry, teaching, and/or post 
‘experience is preferred. ‘The candidates will be ex- 
pected to develop and teach the pharmacology/ 
medicinal chemistry section of the integrated phat 
macotherapy courses in the Pharm.D. Program 
Sce our website: http://jobs.uiw.edu for further 


information 


MEDICAL RESEARCHER sought to study the 
genetic basis of microcephaly. Requirements include 
ALD. with ognificant experience in pediatric neurol 
‘ogy including ability to: perform clinical anahsis of 
research subjects, gene mapping, and cloning. Salary 
$$80,000 per Year. Send resumes to: Christina Venckns, 
Human Resources, Beth Isracl Deaconess Medi- 
‘al Center, 330 Brookline Avenue, Boston, MA 
02215. BIDNC & 2 Fipud Opomnay/ABimste aioe 
Engle. 


UNIVERSITY of CALIFORNIA, IRVINE, 
School of Medicine 
POSTDOCTORAL RESEARCHER/SCHOLAR, 
University of California, Irvine Epilepsy Research, 
‘Training Program and the Department of Anat- 
‘Neurobiology. The Multiisiplinary Post 
doctoral Training Program in Epilepsy Research has 
multiple qpenings for nontenured, academicterm ap- 
‘pointments as Postdoctoral Scholar, The Program sup 
ports diverse approaches to the understanding of the 
fndamental neurobiological processes Ieading. 10 epi 
lepry and /or holding, promise for its cure. Partiipaing, 
boratorics include: Tallie Z, Baram, Ph.D., M.D. 
europlasticty, mechanisms of epileptogcnes,febrik 
scizure models, hyperpolarzation activated ion chart 
rls, and animal imaging; Devin Binder, M. 
transport an water chaniids in epg, 


agua 
‘opocal imaging; Suen Cramer, MLD. functional imag 
ing and robotics for Mlentifcation 


newetropins, integrins, and activiy-dependen pla 
than: Alan L. Goldin, MLD. Ph.Ds soxdum chanel 
transgenic approaches, and electrophysiology, Gary 
ipnc Par erguon of exci ad op 
fanetio and plasticity; Charles E. Ribak, Ph 
i el plasty and neuroanatomy; Mick Rag, 
Fibs tected nupiy of earing end ert 
su in eh dns fan Se PD. de 
icogy,comparatenal neurobio 
“rn! hibition, Martin Smith, Ph 
=i oat and acuronal ‘sete Oswald 
Stews 


‘d/eplepsyresearch. 
ns are fae by an NTH traning 
arane (1-42); lie candies ant be US. sitizent 
Sr noniizen matinals or mut belay matt 
for permanent residence An MD. of TD. degree 8 
sa Agni cs, 
ply Say is commensirat with eaparence and based 
fn the Rincitcn National Rowan Service Avands 
osoctoral stipend levels for 3008, Candiates 
Should wibmit rewme and referees to. e-mallt 
ra.johnsonuck.edu; Postdoctoral Search/ Ep 
iicpay, c/o Department of Anatomy and Newro- 
biology, University of California Irvine, Irvine, 
€A.98697-1278, The Unity f Calon Ie ah 
Eegad Onporamiy Finpoy someday 
then 


The Da Bebb Centr, fx Newonsine, 

ing, and. Stem Call Research (NASCR) of the 
if osteo Medical Research (HIM) 
secks independent investigators with trong reseanh 
Programs in stem call and developmental Gilogy, 
png and ncuredcyencrave donde or case 
Sh pancreac/metabolic dass Agphaions ting 
genetic mexkl stems. are pardctlaty, wekome 
Tividuai at any career fvch incaing JUNIOR, 
INVESTIGATORS, ae encouraged to apy. IMR. 
‘fers an outstanding incrdscinary and high col 
itberaive esearch environment, suppeted by a wile 
range of shared rewnuce, including the La Jal: Wile 
Inmerdacptinary Neuroscience Cemer Core Facies 
Grant fanded by NIH. For more deals vit our 


‘websites: http://www and beep: // 
‘www.lajollaneuroscienceorg/- Thlornal iaquinas. 
0 imected to appropriate NASCR. Center 


Program Directors (contact information listed on the 
website). To apply, please submit curriculum vitae and 
Mach 1. 2008 


research summary cketronically by 


Lipton, M.D., Ph.D., Scientific Director, NASCR 
Center, Burnham Institute for Medical Research, 
10901 North Torrey Pines Road, La Jolla, CA 
92037. us! Opporanty Enployer/ Airs Actin 


wwaw.sciencecareers.org 


POSITIONS OPEN 


INDUSTRIAL MICKOBIOLOGIST 
FACULTY POSITION 
Colorado State University 
The Department of Microbiology, Immunology, 
and Pathology in conjunction with the Department 
‘of Chemical and Biological Engincering secks appl 
‘ations for a nine-month, tenure-track Biculty post 
tion at the ASSISTANT PROFESSOR level with 
research interests in industrial microbiology and 
bioprocess engineering. Candidates with expertise 
in these and closely related areas of research or that 
complement the University Superclusters in Infex 
tious Diseases and Clean Energy are strongly en- 
couraged to apply 
nrmation is available at website: 


decor ane/or eda capone, oibteo 
aabish aed assim an txtepndet esarch po 
Suan to paccpere etre in wictpsecend 
Sade vaching ant celuns he Beare 
mame te deri and: multicultural 
through roca, caching and/or eric ct. 
Acinssoukd wb cketrnicaly 2 kter cx 
prety th iron und quakes bt the po 
Mon Ingding current cucu vse, ble (one 
aps) emer of anh od fac 
Eat larror, and prone 
insertion thee erence, ppt mae 
thls shld 6 sen to: nds Microblotogit 
Seach Committer, 0 Jeanette Britler cma 
Jeanette raler@coostaeda) 
Tor fil conaesdon, a Complete appkation 
‘be rcoed by March 18,2008 
‘CSU pl oops Opn fina 


MOLECULAR DEVELOPMENTAL. 
GENETICIST 
VISITING ASSISTANT PROFESSOR 
The Deparment of Biology, Hamilton College, 
cs applications for a two-year viuting Awistant 


‘xcitional lecture 
didate’s choosing, oe a 
Uupper-kvel seminar and nonmajors course, as com 
plements the Department's offerings. Support is 
available for rescarch and conference tavel, Send 
vitae, 2 statement about teaching, and 
ee ee eens of eee aes 
arement r, Hamilton College, 
198 College Hill Road, Clinton, NY 13323. 
1292, Review of application materials will begin 
Febrvary 1, 2008, and continue until the position is 
fille. Wien and mendes of minonty gouge are emcoraged 
to apply. Hamilton Cellge isan Affirmative Arion, El 
Opportunity Employer snd s commited 10 divesity all 
sre of the camps comma 


NEUROSCIENCE 
Oberlin College invites applications for a one-year, 
roncontinuing position beginning July 1, 2008. Incum 
bent will teach two sections of introductory neuro: 
science laboratory and either two upper-level lect 
courses with one accompanying iboratory, or one 
introductory course/seminar and one upper-kvel 
‘course with laboratory. Postion open to all applicants, 
bur candidates with eapertie in developmental, mo- 
lecular, or cognitive ncuroscicnce encouraged t app 
Ph.D. Fequired (in hand or expected by July 1, 2008). 
‘Submit applications including curriculum vitae, 
three letters of recommendation, and transcripts by 
March 1, 2008, to: Chair, Neuroscience 
‘Oberlin ‘College, Oberlin, OH 44074. Applicase 
may be reiewed unt postion filled. Aimee Aso 
Tipu Oppo Engl 


366 


18 JANUARY 2008 VOL319 SCIENCE 


inthe Laboratey 6 
a the Deparment of Medicine, University of 
Pennsyhania, Philadelphia, Pennsylvania. The 
research emphasis in the Laboratory #8 of un 
‘ersanding the biochemacal and molosular mech 


anisms of migoRNA medatal game expresion 
‘egulation and the regulatory role of macroRNAS, 
in the hematopoietic ells. Applicants should for 
wwaal thei resume and three feces 
Marianthi Kiriakidou, M.D. 
University of Pennsylvania 
Department of Medicine 
752 BRB U 
421 Curie Boulevard 
Philadelphia, PA 19104 
E-mail: kiriakim@uphs.upenn.edu 


(CHAIR, DEPARTMENT of ANIMAL SCIENCE 
‘The University of Vermont 
The Univenity of Vermont sccks a Chair of the 
Department of Animal Scicace to lead the Depart 
ment into the next decade, Candidates 
doctoral degree c 
nationally recognized rescarch program consistent 
with a tenured academic appointment, and demon: 
strated lealership and administrative sills necessary 
to guide a large and academically diverse depart 
the College of Agriculture and Life Sciences, 
‘Candidates must demonstrate a conumitmen 
‘excellence in undergraduate and graduate 
land be willing to foster relationships 
Vermont dairy industry and wit 
ull information about the position can be fo 
website: hetp://www.uymjobs.com, 
Applications, including a letter describing the 
individual's qualifications for the position as 
desenbed above, curriculum vitae (with research 
funding history and scholachy accomplishments), 
and names of five references (with addresses, 
telephone numbers and e-mail addrewses), should 
be sent t 
Dr. Jean Harvey-Berino, Chair 
Search Committee for the Animal Science Chair 
‘¢/o Dean's Office 
College of Agriculture and Lie Sciences 
‘of Vermont 
‘Morrill Hall 
Burlington, VT 05405 
‘Telephone: 802-656-0137 
E-mail: ascichairsearch@uym.edu, 
The Unenity of Veamont iam Afimative Aion, Equal 
Opporunty Employer. Women and minonty candidate are 
copedaly cuosnaged to apply 


Two fully funded POSTDOCTORAL RE 
SEARCH ASSOCIATE POSITIONS are open t0 
study the role of nucleolar oncogenes and tumor 
suppressors in cell growth, These studies are being 
Camicd out in a newly renovated oratory within 
the recently established Molkeular Oncology Pro 
gram. The Laboratory consists of several highly mo- 
‘hated and colaboratne pentdector flows and graduate 
and undergraduate saudents with daily personal con 
‘act with the pringpal investigator. Qualified appl 
ccants should hold a recent Ph.D., M-D., of M.D./ 
PhD. and be committed to a carver in cancer re 
scarch. Candidates with eapericnce in mouse mod. 
cls, cancer biology, and molecular and cell biology 
are encouraged to apply. Please send cursiculim + 
te and names of three references to: Dr. Jason D. 
Weber, Washington University in St. Louis, emai 
jweber@im.wustledu, Washington Licrenity an 
Affirmative Acton Exaal Opporuaty Employer, 


POSITIONS OPEN. 


A POSTDOCTORAL POSITION is availble 
immediately to study role of interferor-inducible genes 
in autoimmune diseases using mouse models. Only 
candidates with Ph.D. in molecular immunology, 3 
strong publication recond, and an exellent commun 
<i is (sin al el) dhol eth cu 
ful vine to Diaker Choubey, PhD. 
Givakerchoubey@ucedu) at ie Univesshy of 
‘Cincinnati, Cincinnati, Ohio. 


ANNOUNCEMENTS 


INDO-U.S, SCIENCE and TECHNOLOGY 
FORUM 
Fulbright House, 12 Hailey Road 
New Delhi-110 001, India 
Website: http: //www.indousstf. 
FIRST CALE YOR PROPOSAL 200 

The Indo-U.S, Science and Technology Forum 
(IUSSTF), established under an agreement between. 
the Governments of India and the United States 
America, i an autonomous, not-for-profit sovicty 

iat promotes and catalyzes the Indo-US, bilateral 
ccollborations in science, technology, engineering, 
Bnd biomedical research through substantive inter” 
action among government, academia, and industry 

The IUSSTF seeks 10 support innovative pro: 
grams aimed to stimulate interactions that have a 
Strong potential for generating follow-on activities 
and bulking long-term Indo-US. S&T rdavonships, 

The IUSSTF solicits proposals. thrice a year 
(submission deadline: 15th of February, June, 
October) jointly submitted by the U.S, and Indian 
Principal Investigators from academia, government 

inded institutions laboratories, and priate R&D 
entities for: (1) Knowledge R&D networked and 
public-private networked. Indo-US. centers, (2) 
Tndo-U'S. workshop, conference, and symposium, 
(3) Training schools, and (4) Travel grants, (i) 
avail already awarded fellowship and. sabbatical 
portions in US,/ India, (i) For selected U.S, par 
Heipants to attend international conferences /events 
in India, and (it) For specific exploratory/ planning, 
‘site aimed at large-scale collaborations, 

Detailed format available at website: http:// 
www.indousstforg. 

For further details and clectronic submission, con: 
‘uct Arabinda Mitra, email: amitra@indousstf org, 
and Michael Cheetham, e-mail: mcheetham@si.ed 

‘Submission deadline’ 15 February 2008, Award 
announcenient: mid May 2008, 
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